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PREFACE

In response to community, legislative, and student pressures, school adminis-
trators have recently begun to examine the potential of modern management tools
and practices. This search for techniques that might function effectively in an
educational context led to the adaptation of such methods as program budgeting and
accountability. Another tool frequently chosen for educational assistance is the
modern management information system, a (usually) computer-based aid to plan-
ning and decisionmaking.

In late 1970, the Los Angeles Unified School District (LAUSD) contracted with
The Rand Corporation to design such an information system in support of educa-
tional management. The system is specifically intended to aid planning and decision-
making (through implementation of accountability and program budgeting) in
schools partially supported by Title I provisions of the Elementary and Secondary
Education Act.

This Report is the third in a series describing the proposed information system.
In addition to Title I funding, the present Report was supported in part by the
President's Commission on School Finance; much of the material also appears in
Rand's report to the Commission. The Report reviews and discusses the literature
concerning student evaluation, providing direction for eventual information system
growth. It also discusses the implications of research findings for accountability.
Because the review is lengthy and involved, some readers may wish to skip the hill
descriptions and, instead, read the summary and the implications of the findings
given at the end of each section.

The series also includes:

J. A. Farquhar and B. W. Boehm, An Information System for Educational
Management, Vol. I: Design Considerations, R-930-LACS. Defines near-
term information system requirements, design guidelines, major design
constraints, and information needs of educational decisionmakers.
M. L. Rapp, An Information System for Educational Management, Vol. 2:
Data Requirements for Accountability, R-931-LACS. Defines the future
shape of the accountability system and feasible long-term trends and re-
quirements in the areas of research and evaluation.
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J. A. Farquhar, D. H. Stewart, J. Lombaerde, An Information System for
Educational Management, Vol. IV: Functional Design, R-933-LACS. A
functional description of the proposed information system, specifying input
and output data, file formats, and necessary processing.
J. A. Farquhar, I. M. Iwashita, S. H. Landa, An Information System for
Educational Management, Vol. V: A Design for Implementation, R-934-
LACS. Describes and discusses alternative hardware, software, and sup-
port configurations that might provide the desired services, and the costs
and benefits of each.
L. A. Dougharty and S. A. Haggart, An Information System for Educa-
tional Management, Vol. VI: An In-Service Training Program, R-935-LACS.
Describes the education and training requirements for educational ad-
ministrators charged with effective use of program budgeting, account-
ability, and the design information system.
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SUMMARY

This Report surveys educational research to determine what dataare available
for evaluation and accountability, and what further data are needed. The results are
presented in four chapters dealing respectively with Measures of Educational Out-
come, Teacher Effects, Instructional Effects, and Student Characteristics.

Although standardized achievement tests are widely used to measure educa-
tional outcomes for individual students, the tests are generally inadequate because,
at best, they quantify only limited aspects of cognitive performance, and higher
cognitive abilities and achievements go untested. Inasmuch as schools and in-
novated education programs are being evaluated in terms of such achievement tests,
a crucial and immediate need exists to improve test design, concept, scoring, and
administration. Factors in noncognitive achievement are often discussed, and, al-
though important, attempts to measure them are relatively rare.

Until recently, research on teacher effectiveness has not used student achieve-
ment as a criterion. When this criterion is applied, some teacher classroom behavior
appears to be consistently associated with better student achievement. Studies over
time, and/or subject areas, however, indicate little stability in teachereffectiveness.
This might be caused by the transitory nature of teacher skills and othercharacter-
istics, or by uncontrolled differences in comparative groups and the effect of student-
teacher interaction. Some evidence indicates that teacher expectations influence
student achievement and behavior; for example, teachers are differentially effective
with students, and perhaps classroom performance could be improved by assigning
students to teachers on the basis of their ability to work together.

Studies of instructional methods used in classroom and curriculum design have
produced few consistent and positive results. Although television learning, teaching
machines, and programmed instruction can reach more students, no evidence to
date has proven their general superiority over conventional methods. Psychological
studies of factors affecting instruction generally use very different learning tasks
from those required in the classroom so that the results have limited value for
measuring the effectiveness of instructional methods. A promising research area is
transfer of learning, especially as it relates to organization of instructional material,
which apparently can be structured ina hierarchy, although the rationale and basis
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for structuring are not clear. More research is needed on almost every factor being
studied.

Educational research has generally failed to consider the student'sunique char-
acteristics. Even more, it has typically ignored the interaction of individual charac-
teristics with instructional methods, teacher characteristics, and type of learning
task. Review of psychological research and a few education studies shows the impor-
tance of individual characteristics. Although no conclusive evidence has been gener-
ated for an interaction between any special abilities and education, general intelli-
gence is substantially correlated with the ability to learn, especially for abstract and
complex material. I n addition, evidence strongly suggests an interaction be-
tween intelligence and educational treatment (instruction, task, etc.). Findings indi-
cate that to be effective, educators must develop methods tailored for individual
ability. Previous attempts to do this via ability-grouping may have failed because the
programs did not fit the unique abilities of each group.

Less definitive research findings indicate that many other factors differentiate
students and their response to specific education programs. For example, creativity
is not highly dependent on intelligence, nor does high intelligence guarantee
creativity; but it appears that the creative person requires a different educational
approach than the less creative person. More generally, there are individual differ-
ences in understanding concepts which carry important implications for instruc-
tional design.

Many personality variables (need for achievement, autonomy, and anxiety,
among others) appear to influence school achievement and to interact with educa-
tional factors. Because such noncognitive factors apparently affect school achieve-
ment, there is a growing interest in the effect that preschool years have on educa-
tional outcomes. A number of experimental studies and preschool education pro-
grams indicate that major determinants of achievement are formulated during
these years.

The research surveyed here carries implications for evaluation and accountabil-
ity, and for designing data systems to support them. At present, a rigorous approach
to accountability appears unfeasible because too little is known about factors that
determine educational outcomes. Moreover, the state of the art of education mea-
surement needs further development before it will be possible to develop a pre-
cise accountability system.

vi
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I. INTRODUCTION

This Report summarizes education research to determine what type of data a
future information system user will need for evaluation and accountability.' Future
requirements are derived from two sources: current research results, which indicate
important data not presently in the system; and future research required to resolve
,xisting issues, along with the data necessary for this research. Both objectives
retolire an examination and review of education research to understand how learn-
ins: cakes place and to determine what factors affect educational outcomes. Research
in many fields is relevant to understanding the education process. Studies of the
teachers' characteristics (skills, behaviors, personality, for instance) are obviously
relevant as are studies of teaching methodology. Basic psychological studies of lear n-
ing are relevant, but results are often not directly applicable to the classroom.
Perhaps most important in the long run are psychological studies of learning in
instruction, individual differences, child development, and personality, because
these studies are beginning to define student characteristics and instructional prac-
tices that are important in determining individual educational outcomes.

The educational research surveyed here covers classroom studies as well as
relevant psychological (laboratory) studies. Classroom studies have not generally
produced highly definitive results, whereas laboratory studies have produced many
significant and consistent results, but their relevance for classroom learning is often
unclear. In this Report, distinctions between laboratory and classroom studies are
based on objectives, learning tasks, and the kind of outcome measures employed.

Classroom studies have the objective of understanding meaningful classroom
learning, and involve some measure of educational outcome (e.g., achievement tests,
grades, and teacher or supervisor ratings). Laboratory studies usually have more
theoretical objectives (e.g., advancing knowledge about psychological phenomena,
developing and testing theory, or investigating empirical relationships between
psychological variables), and outcome measures are varied and difficult to summa-
rize. Laboratory measures are generally based on the learning or retention of well
defined and highly specific responses, and in addition the experimentalist is not
primarily concerned with the amount learned, but with how learning takes place

Volume II of this series describes how currently available data are used for accountability.

1



and what factors affect learning or retention. For example, an experimenter might
present both auditory and visual stimuli in pairs to children to see which sense
affects learning and retention most. Each child receives the signals until he can
recall without error the second stimulus in each pair upon presentation of only the
first. Learning would be measured by the number of presentations the child requires
to learn the list of stimulus pairs without error. This same test might be applied
across age groups to determine whether or not differences exist as a function of age.

INFORMATION SOURCES

Thousands of relevant education studies are published each year. To review
them all would have been impossible within the limitations of the contracted effort,
and would undoubtedly have resulted in an unreadable report. Fortunately, review
articles in the areas of concern here are published yearly and, in addition, books
frequently review broad areas of research. Some reviews simply summarize many
studies. Consequently, to determine the merits of a particular study, the researcher
must go to the original source. Other reviews critique as well as summarize, relating
studies to each other and to basic issues in methodology and education. These
reviews are easier to read and to comprehend, although the researcher may be
swayed by the reviewer's particular orientation. To give the reader of this Report
a comprehensive view of the vast body of research, critical review articles have been
utilized. In many instances, the original studies were read to check on the reviewer's
summary and conclusion, but in general, original references are not cited. In many
cases, the same study is critiqued in more than one review. This is especially true
for the more important and meaningful studies, and helps in assessing whether or
not a review is biased. The quality of various reviews is indicated throughout this
Report. In general, a review was rated high if it summarized across studies, and
contained an evaluation that did not contradict the author's own appraisal of critical
studies. A study was judged good if it was methodologically sound and meaningful
in terms of some underlying issue or problem.

PLAN OF PRESENTATION

The Report is organized as follows. Section II discusses measures of educational
outcome, with emphasis on the validity and use ofstandardized tests. This discussion
is important because evaluation depends entirely on adequate measures of educa-
tional outcome. Section III deals with the general results of research on teacher
characteristics, including research that relates teachers' skills, behavior, attitudes,
and personality to some measure of student achievement. Section IV presents the
results of research on instructional method; some has been conducted in the class-
room, but the majority has been done in the psychological laboratory. This is espe-
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cially true with respect to studies that report positive results; most classroom studies
are at best inconclusive. Section V summarizes the results of research concerned
with the interaction between student and education characteristics, revealing the
importance of individual attributes and how they can influence achievement. Sec-
tion V suggests that students respond differently to education factors (teachers and
instructional method) depending on their own characteristics. In the author's opin-
ion, these interactions are extremely important. Finally in Sec. VI the findings are
discussed in terms of their implications for accountability. The appendix elaborates
on interactive effects.
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II. MEASURING EDUCATIONAL OUTCOMES

INTRODUCTION

An education system has many functions and outputs. Some relate directly to
the student, others hardly involve him at all. For example, the school system must
interact with the community and must provide a number of outcomes to please the
community. In doing so, the school may sometimes act in ways that seem to operate
against desired outcomes for the student. The school also has a political role and
must provide outcomes that allow it to compete within a political system for power,
money, and position. Whatever importance one assigns to political and social func-
tions, it seems apparent that they are secondary, and perhaps even irrelevant to the
school's presumptive primary objective, which is to educate students. This Report
uses student learning as the outcome by which to assess a school; no attempt is made
to address political and social objectives.

What exactly does student learning mean? The easiest and perhaps the first
definition that comes to mind is to interpret learning as the acquisition of knowledge
and cognitive skills. In practice, unfortunately, this has mainly been reduced to
measuring and testing retention of specific subject matter, and higher cognitive
processes (abstract reasoning, problem solving, and creative thinking, among others)
are seldom measured (Klein, 1971). Along with the general failure to measure
cognitive achievement properly, there is an almost total failure to evaluate and
identify "noncognitive achievement"2 (Bloom, Hastings, and Madaus, 1971, Chap.
10).

Thus, of the many and diverse kinds of student learning, almost all evaluative
research is based on a narrow range of cognitive skills as measured by standardized
tests. By and large researchers have not dealt with broad measures of student
learning nor with the important problem of individual priorities of educational
outcomes; however, many of these same researchers who have been unable to re-
solve this problem analytically frequently discuss the importance of priorities and

This expression is used because it is becoming vogue in education literature, although "achieve-
ment" is not the best term to use in this regard. It would be more accurate to talk about noncognitive
growth, but debate over terms seems relatively unproductive as long as it is generally understood what
the term noncognitive achievement means.
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individual differences in priorities. It is becoming increasingly clear that different
educational objectives and values exist as well as individual differences in type and
level of ability. Thus from the start we must realize that research based on limited
measures, and accounting for relatively few objectives, cannot lead to conclusive
generalizations about educational outcomes.

Because research is based almost entirely on standardized tests, most of this
chapter is directed at problems associated with them. Before discussing standardized
tests, some brief comments are made about teacher grades, essay examinations, and
noncognitive achievement.

TEACHER GRADES

Teacher grades of student performance are extremely unreliable; they neither
correlate with standardized test scores, nor do teachers correlate with each other in
grades assigned to the same student (Cronbach, 1971). Teacher grades are greatly
influenced by student characteristics such as docility and social class, and criteria
vary from teacher to teacher. Grades are further influenced by school policy factors
such as "grading on the curve," or community pressure from parents who do not like
to see their children fail. The technical problems associated with grades as a subjec-
tive rating system are complex but they need not be discussed here. Grades have
played almost no part in the research on evaluation of educational outcomes.

ESSAY EXAMINATIONS

Essay examinations are widely used, sometimes because objective tests cannot
be designed to measure some criteria of learning. Although such examinations are
widely used, and despite their advantage in measuring broad kinds of cognitive
ability, they are generally unreliable. Answers to essay questions vary in several
dimensions: vocabulary, style, thought, originality, and neatness, for example. Thus
a single score is a complex weighted sum of the scores on each dimension. Moreover,
since subscores are rarely worked out by the grader, the relative weights vary
between graders, for the same grader over time, and depending on the individual
situation. In reviewing the research on essay examinations, Coffman (1971) points
out that much work is still needed in developing rules for writing and scoring essay
questions. None of the research reviewed in this Report uses essay scores as a
measure of educational outcomes.

NONCOGNITIVE ACHIEVEMENT

Noncognitive factors include motivation, attitudes, learning styles, social skills,
self-awareness, and even such vague but important concepts as happiness and qual-

5



ity of life. These factors engender two different viewpoints. One view contends that
noncognitive factors are important because they are believed to be the major deter-
minant of cognitive achievement; evidence presented later in this Report implies
that they undoubtedly are. The other view holds that growth in noncognitive rather
than cognitive factors is the more relevant goal of education. These views are cer-
tainly not mutually exclusive, and most educators agree that noncognitive factors
are important for both reasons. In fact, the distinction between cognitive and non-
cognitive achievement is rather artificial: attitudes and motivation have strong
intrinsic cognitive components, and cognitive skills and abilities have strong intrin-
sic noncognitive components.

Education in general and compensatory programs in particularare concerned
with improving student motivation, attitudes, and general affective (noncognitive)
behavior. Generalization of cognitive ability results not only from the transfer of
specific skills, but also from such noncognitive factors as the establishment of learn-
ing styles, learning sets, motivation for learning, and attitudes about learning.
Noncognitive factors undoubtedly outweigh the importance of specific cognitive
skills for future learning, although acquiring cognitive skills may itself considerably
affect noncognitive factors such as motivation, self-awareness, and the like. In their
book on evaluation of learning, Bloom, Hastings, and Madaus (1971) devote an entire
chapter to measuring affective behavior, and include affective goals instated educa-
tional objectives. Recent research literature, especially that related to compensatory
and preschool education, repeatedly comments on the importance of noncognitive
factors in determining cognitive achievement and the necessity of identifying, mea-
suring, and shaping these factors at an early age (e.g., Denenberg, 1970).

Noncognitive factors have even greater significance because of recent evidence
showing the low correlation between cognitive achievement (measured by grades
and standardized tests) and later life success. Cohen (1970), Gintis (1971), and Holtz-
man (1971) cite evidence indicating that achievement in terms of job, social class,
and general life expectations is apparently only incidentally related to school
achievement: it is true that a high correlation exists between amount of education
and amount of income, but preliminary evidence indicates that the relationship is
not usually a causal one. Moreover, Gintis promotes the thesis that noncognitive
factors strongly influence worker earnings and productivity. He reviews evidence
supporting this thesis, and moreover shows that important dimensions of noncogni-
tive achievement are not promoted or rewarded in most conventional schools.
Schools need to include noncognitive factors in their educational objectives, and
better methods for evaluating such factors need to be developed.

STANDARDIZED ACHIEVEMENT TESTS

Although the following discusses only the more limited aspects of student
achievement, many problems need to be recognized explicitly. With increasing inter-
est in accountability, student achievement is being measured more and more by

6
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standardized tests,3 with test scores based on national norms. While this practice
allows a school to assess itself relative to other schools, the tests introduce a number
of liabil ities and hazards. Foremost among these is the danger of suppressing desira-
ble outcomes, which are not measured by standardized tests (for example, abstract
reasoning, and creativity).

Further, while it certainly is necessary and important for children to acquire
basic reading and math skills, focusing on teaching these skills may be less impor-
tant than is often believed. Generally, achievement in basic math and reading skills
as measured by standardized tests is assumed correlated with, and perhaps responsi-
ble for, achievement in other subject matters and cognitive areas. However, the
generalization4 of improvement in basic reading and math skills through special
programs has not been demonstrated; although in view of the rather temporary
nature of many of the gains obtained in these programs, the lack of generalization
is not surprising. Undoubtedly, these skills do generalize under some conditions, but
the conditions are not known; this is discussed in Sec. IV.

In addition to the general difficulties discussed above, there are a number of
specific problems associated with standardized tests. The UCLA Centerfor the Study
of Evaluation reviewed over 1500 standardized tests used in elementary schools
(Hoepfner, 1970). Results indicate the tests by and large are unsatisfactory. Klein
(1971) has written a strong critique of standardized tests and their misuse and
summarized as follows:

So far, the discussion has painted a pretty bleak picture regarding the
utility of standardized tests for accountability. The major problems involve
questionable test validity, poor overlap between program and test objectives,
inappropriate test instructions and directions, and conftising test designs
and formats. In short, a void exists between the demands of accountability
and the present stock of standardized instruments. Further, this void will
probably only widen as the pressure for accountability increases unless we
start improving the methods of test construction and use.

Although Klein's comments are applied to accountability, they are also true for
evaluation in general. The first step in accountability is evaluation, and in this
respect, achievement tests are generally weak. As Anastasi (1967), among others,
has pointed out, improvements are needed more in the interpretation of scores and
orientation of users than in the actual construction of test instruments. A number
of the technical problems in using these tests are discussed.

t
3 The most widely used standardized tests measure achievement in subject matterareas, although

there are also many tests for math and reading readiness, concept attainment, psycholinguistic perform-
ance, and other general and specific ability tests. In the elementary grades, the most widely used tests
are those for math and reading ability, and the current programs of performance contracting and

f, accountability have focused almost entirely on measuring these skills.
t ' Generalization is the spreading of acquired skills to areas in which the student has hadno specific
'' practice. For example, generalization (or transfer) occurs when an improvement in basic reading skills
fi leads to (1) an improvement in concurrent school achievement, such as proficiency in social studies or
t' science; and/or (2) an improvement in ffiture school achievement, including reading. In most cases, it is

assumed that no special practice takes place other than in reading skills.

7
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Derivation of Normative Scores

To understand many of the problems associated with standardized tests, it is
necessary to understand how normative scores are derived. Assuming test items
actually measure the amount oflearning that has taken place in a course of instruc-
tion, normative scores are necessary to determine what a "raw" test scores means
(cumulated over all items). Forexample, how much "better" is a raw score of 70 than
one of 60 (i.e., how much more about the course does the student know)? How high
a score should be "expected"? These questions and others are answered by deriving
a normative score from actual test scores.

Essentially, the normative score indicates a student's position in a distribution
of scores. To determine the reference distribution, a sample from a specified popula-
tion is selected and given the test (e.g., 4th grade children in California). A given
individual's raw score can then be represented as higher than X percent of the
sample scores, or we would say his score is at the Xth percentile. Since the sample
distribution is "close" to the population distribution, the percentile score represents
the student's position in relation to the general reference population. Percentile
scores can be transformed into grade equivalent or other types of normative scores.

Although grade and age° equivalent scores are widely used, they have been
severely criticized (Cronbach, 1970; Angoff, 1971). Angoff presents a penetrating
analysis of the technical and practical problems associated with the use of grade and
age equivalent scores. Equivalent scores are obtained by administering a test to
samples of children over the range of desired grades (or age). Theaverage for a grade
(or 50th percentile score) determines the grade level score. A regression line is then
plotted between the mean score obtained by each grade across all grades. This
regression is used to determine a child's grade equivalent score by simply noting
where his score falls on the regression line. Had the regression of grade on score(rather than score on grade) been used, a different regression line would have
resulted, and scores would have different grade equivalents.

This basic ambiguity is fiirther compounded because the equivalent score inter-
pretation depends upon the variation of scores about the mean for each grade in the
original sample (i.e., the variation about the regression line). A child who is two
grades advanced on a test of high reliability (low variability about the regression
line) is also high in his percentile rank (say 95). But witha test of low reliability (high
variability), the same two-year advanced status in associated with a much smaller
percentile rank (say 70). Further,a 6th grader with a 9th grade equivalentscore does
not possess a 9th grader's skills, nor is he psychologically the same. Cronbach (1970,
p. 98) comments on equivalent scores:

In the writer's opinion, grade conversions should never be used in reporting
on a pupil or a class, or in research. Standard scores or percentiles of raw

o A raw score is a measure of the actual number of correct responses. The score may be a simple
frequency count or it may be the sum of test points, with each test item given some arbitrary assignment
of possible points.

o Age equivalents are most often used with mental abilities tests, and they report a "mental" age
score. The score represents age level relative to mean performance on an ability on age regression line.
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scores serve better. Age conversions are also likely to be misinterpreted. A
6-year-old with mental age 9 cannot pass the tests a 12-year-old with mental
age 9 passes; the two simply passed about the same fraction of the test tasks.
On the whole, however, age equivalents cause less trouble than grade
equivalents, if only because the former are not used for policy decisions in
education.

These comments represent only the highlights of the problems inherent in
equivalent scores. For a detailed treatise, the reader is referred to Angoff (1971).

Cultural Bias

An important issue in deriving standardized scores concerns the choice of the
normative population. A test with national norms is one that is supposedly based
on a sample representing the normative population across the nation. To be accu-
rate, the sample population must be stratified in the same proportions as the overall
population, i.e., Negroes and Caucasians, poor and rich, must appear in the sample
in the same proportion as they appear in the general population. This means that
any nationally normed test primarily reflects the characteristics of white, middle-
class America, simply because they represent the greatest proportion of the popula-
tion.

One form of cultural bias arises when a test is normed on one population and
used to test people from another population. The bias can be subtle and may lead
to gross misinterpretations of data. For example, a nationally normed test of concept
ability might be given to children from a Mexican-American ghetto. If the test uses
written test items and instructions, the children's scores are affected by their ability
to understand language; and if they have language problems, their concept ability
scores will be poor. Their "true" concept ability remains untested. Attempts to
develop tests that are free from language ability have not been very successful; even
"nonverbal" tests are frequently found to correlate with language ability.

A more subtle influence of the normative population occurs through the opera-
tion ofits values. Due to the way standardized tests are constructed, they necessarily
reflect what the normative population feels is important. Without great exaggera-
tion, one may state that these tests indicate how well students have achieved white,
middle-class goals. Later we quote a comment by Jensen illustrating this point in
reference to intelligence tests. Holtzman (1971, p. 551) discusses the problem of
cultural bias in testing and emergency social issues:

The emergence of black culture, the Chicano movement, and the stirring of
the American Indian as well as other forgotten groups in the wake of deseg-
regation and civil rights legislation have forced white America to re-exam-
ine its soul. The results in the field of mental measurement have been a
recognition and acceptance of cultural variability, a search for new kinds of
cognitive, perceptual, and affective measures by which to gauge mental
development, and a renewed determination to contribute significantly to the
task of overcoming educational and intellectual deprivation.

9
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In general, tests designed for normative use discriminate against those who are
culturally different from the majority.

Educational Objectives and Test Content

The apparent failure of many innovative educational programs is often said to
occur because standardized tests used to evaluate the programs do not measure
outcome in terms of some or all program objectives (e.g., Cohen, 1970; Klein, 1971;
Lennon, 1971). Part of the problem is that objectives are rarely stated with sufficient
clarity; but even overlooking this liability, the match between program and test
objectives is often poor. In the first place, as Klein (1971) points out, valid tests
covering all of the objectives a school might like to attain do not exist.

Second, tests may cover some program objectives, but there is usually poor
agreement between the specific objectives and the test content. For example, a test
may measure reading ability in terms of, say, eight areas. A specific program might
be aimed at only six objectives, with no interest in the other two. Most tests, how-
ever, only report a single score averaged across all areas, and this score indicates
achievement on all eight objectives. So a score would be a combination of how well
a student achieved on the six reading program objectives, plus how well he achieved
on the other two. This makes it impossible to evaluate the program objectives. Tests
are not designed with specific programs in mind, and poor overlap is to be expected
between the objectives a test measures and those an education program aspires to.
Another complication occurs when the test does not represent test objectives
equally. Some of these problems would be clarified if the tests reported separate
scores for each area or objective.

Stating and evaluating educational objectives may be one of the most crucial
problems in educational research. Undoubtedly much of the evidence for lack of
improvement in education derives from evaluation which does not cover all program
objectives.

Test Validity

Test validity generally means "does the test measure what it is supposed to
measure?" and is formally determined by a number of techniques.' One, a complex
process called construct validity, essentially determines how highly tests supposedly
measuring the same thing correlate with each other. Lack of high correlation indi-
cates that one or all of the tests do not validly measure the construct being consid-
ered. A second kind of validity is called predictive, and in this procedure the test is
correlated with an external criterion. For example, a test of reading readiness might
be validated by using success in a reading course as a criterion. The assumption is
that better readiness leads to better achievement. In practice, both kinds of meas-
ures are necessary for test validity. A third type, sometimes referred to as face

7 For a detailed discussion, see Cronbach (1970).
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validity simply asks if the items in the test appear to measure what the test is
designed to measure. While this latter method lacks the sophistication of the first
two, many standardized tests even fail on this measure. Klein (1971) points out
several examples in which it is obvious that the test items have little to do with what
the test purports to measure. There are, however, many tests that are purposely
designed without consideration of face validity, although they are not widely used
in education. Finally, a test is said to have content validity ifsome authority asserts
that the test measures something that it purports to measure. Much of the foregoing
discussion on the relationship of objectives to test content relates to content validity.
The four measures of validity are all methods for determining the same thing, and
generally several methods are used in determining the authenticity ofa given test.

As previously mentioned, tests often do not adequately overlap program objec-
tives, and generally they are not valid even when they do appear to overlap. Bor-
muth (1970), in a book on the theory and design of test items; criticizes current
methods of test construction on the grounds that the item generation techniques
lead to tests of low validity. An item represents the test writer's response to instruc-
tional material, and the student's score is thus a function of the test writer and has
no known relationship to instructional content. Bormuth goes on to develop a
method for deriving test items based on a linguistic analysis of the instructional
content and the instruction objectives.

Criterion Referenced Tests

Standardized (normative) tests are sometimes criticized because their scores do
not indicate the specific skills a student masters. They only place him relative to
other students, and not relative to instructional content. For example, two students
scoring at the fiftieth percentile on a reading test could have answered different
questions correctly and have acquired different reading skills. This is true even if
the test gives percentile scores for a number of subskills; they are still normative
scores. This problem is being attacked through the design of so-called criterion
referenced tests (Cronbach, 1970; Glaser and Nitko, 1971). Each item on a criterion
referenced test is designed to measure or indicate the accomplishment of a particu-
lar skill. The number of items passed is not the important factor, but rather which
items are passed. The student is not allowed to proceed to advanced instruction until
acquiring prerequisite knowledge.

A key feature of criterion referenced tests is their relationship to the specific
goals and subject matter of a course. Test items are designed to indicate success on
the learning tasks necessary to cover the subject matter and to meet the course
objec ores. This requires a detailed task analysis ofcourse material. Few procedures
for t le task analysis have been developed, although Gagne's work on hierarchical
organization shows promise. Section IV discusses research on the organization of
instructional inaterial, and there we point out that skills and knowledge required

r a course can be arranged in a hierarchy, such that success at a higher level
depends upon the acquisition of skills at a lower level.
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The distinction between normative and criterion referenced tests is made
primarily on the basis of the purpose for which the test was constructed and how
information obtained from it is used. The purpose of a criterion referenced test is
to indicate a student's status on a set of specific tasks necessary for completing a
course of instruction. The test information not only assesses his accomplishments
but is also used to determine what tasks the student is ready to undertake. Norm
referenced tests indicate a student's relative position in a population, and the infor-
mation from these tests is used to evaluate achievement relative to other students.
This summary score can be used for comparing students, or groups of students, in
terms of overall achievement. The use of criterion referenced tests for this purpose
is not clear since such tests indicate which instructional tasks the student has
accomplished; essentially, he passesor he does not for each task. The numberof tasks
he "passes" cannot be meaningfully added for a total test score. Criterion referenced
tests serve diagnostic functions in evaluation, which aims at special information for
student remediation or course improvement.

Much work remains to be done in developing criterion referenced tests, but they
appear to have great promise. Their greatest potential and value are that these tests
focus on instructional content, yield information for remediation, and allow for
individual differences in performance.

General Intelligence Tests

General intelligence tests are standardized achievement tests. They have been
developed over a longer period than most standardized achievement tests, and more
research has been directed toward their improvement; they are more valid when
properly used; they usually report subscores on various test objectives; and direc-
tions for administration are generally better. Sometimes changes in IQ scores are
used to measure student achievement, and many attempts have been made to im-
prove IQ scores through compensatory school and preschool programs. Failure to
find consistent evidence that IQ can be modified (e.g., Butler, 1970) led Kohlberg
(1968), among others, to argue that IQ is not a good measure of the efficacy of these
programs. For years, psychologists have stated that many IQ tests basicallymeasure
achievement. They measure what the person has learned, not primarily his capacity
for learning. The scores reflect environmental influences and past learning as well
as innate ability. The belief that IQ can be affected by environment has been
confirmed many times in studies of identical twins, but many factors contribute to
this effect other than those present in the school environment (Vandenberg, 1966).
On the other hand, Jensen (1969) reports evidence that IQ is largely determined by
genetics, and can only be modified by environment in a relatively small degree.

The various uses of IQ tests in recent education programs has caused a re-
emergence of debate and inquiry into the validity and meaning of general intelli-
gence test scores. The crucial factor in determining the appropriateness of their use
(or any achievement test) depends on the goals and objectives the test is being used
to evaluate. This is never an easy task, and is made even more difficult by the
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interaction of social values and subtle and nonverbalized goals that exert profound
influence on test content, scores, and interpretation. This has been well stated by
Jensen (1970):

... It should not be forgotten that intelligence tests as we know them
evolved in close conjunction with the educational curricula and instruc-
tional methods for Europe and North America. Schooling was not simply
invented in a single stroke. It has a long evolutionary history and still
heavily bears the imprint of its origins in predominantly aristocratic and
upper-class European society. Not only did the content of education help to
shape this society, but, even more, the nature of the society shaped the
content of education and the methods of instruction for imparting it. If the
educational needs and goals of this upper segment of society had been differ-
ent, and if their modal pattern of abilities--both innate abilities and those
acquired in these peculiar environmental circumstanceswere different, it
seems a safe conjecture that the evaluation of educational content and
practices and consequently the character of public education in modern
times would be quite different from what it is. And our intelligence tests
assuming we have them under these different conditionswould most likely
also have taken on a different character.

Some Statistical Problems in Using Achievement Tests

Inadequacies in the use of achievement test scores in education evaluation are
partly attributable to the frequent use of faulty statistical analyses. By far the
majority of studies on compensatory programs report data on achievement gains
over some period, and performance contract agreements are almost exclusively
written in terms of achievement gain scores. Gain scores are extremely biased
estimates of true gain (for example, see Harris, 1963). An article by Cronbach and
Furby (1970) offers some refinements on techniques for estimating true score; how-
ever, the important message is that the authors see no advantage to using gain
scores in the first place. Status scores (scores at any point in time) contain all the
information given in change scores, at least for the situations in which change scores
have traditionally been used. For example, if it is necessary to evaluate the improve-
ment produced by an innovative program, this is best accomplished using a control
group. In both treatment and control groups, only the final status or achievement
score need be used. Pre-test scores can be involved in the statistical analyses, but
not in computing gains. The groups are not compared with respect to each other. In
many instances, it is unnecessary to actually use an experimental control group;
instead it is possible to use the past history of the system as a benchmark.

A student's test performance is determined by many factors other than his "true" knowledge or
ability. Because these other factors vary over time, a person's testscore will also vary, so that any given
test score is an estimate of the true state of his knowledge or ability. The achieved test score may be a
percentile, and age equivalent, or a simple sum of correct items. A gain score is obtained by subtracting
the scores obtained by the student on two occasions.
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While problems of statistical sophistication and reliability are important, it
would seem that the crucial problems in achievement evaluation are not primarily
statistical. We agree with Klein (1971) and others that there needs to be a rather
complete overhauling of testing procedures and interpetation. The shortcomings of
standardized tests must be accounted for in evaluating education. Efforts to elimi-
nate these inadequacies for future evaluation work will require substantial re-
search.

SUMMARY

Using standardized tests to evaluate student achievement has become a major
enterprise in the schools; but in spite of the wide use and reliance on these tests. they
are generally inadequate. This is alarming in light of the growing activity in evalua-
tion of education outcome based on standardized test scores. At best, generally used
tests measure only limited aspects of cognitive performance, while higher cognitive
abilities and achievements go untested. Noncognitive achievement is sometimes
talked about, but the evaluation of these factors is still in a very crude state.
Inasmuch as schools and innovative education programs are being evaluated in
terms of such limitations, there is a need for immediate improvements in test design,
concept, scoring, interpretation, and administration.

IMPLICATIONS

Currently, the fundamental measure of educational outcomes for accountabil-
ity is student achievement as measured by standardized achievement tests. Al-
though these scores appear more reliable than teacher grades, they are not good
indicators of student achievement even in a limited sense. For accountability to
work, these tests must be improved; the scope of achievements they measure must
especially be extended. In the meantime, a great deal of caution is necessary in
interpreting results based on these data.

This raises the question of what information can be used to assess educational
outcomes. Objectives of education are broad, therefore it is necessary to obtain data
on student performance over a broad and relevant (to objectives) range of school
performance. As an experimental program based on a relatively small sample, the
technique suggested by Donaldson (1971) for subjectively scaling student perform-
ance in school work holds promise. This method allows the user to evaluate student
performance, and these data could serve as a criterion for further evaluation of
standardized tests. Analysis of the patterns of discrepancies with the standardized
scores would make possible a diagnosis of the limitations and inadequacies of both
procedures.

In view of the fallibility of achievement test scores and teacher grades, data
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systems for accountability cannot become dependent on such information, and the
system must be able and willing to incorporate new data sources. There is need for
much research on adequate data for accountability. In the meantime, selection of
tests and interpretation of test data should be pursued cautiously, and if possible,
experts (such as the Center for Study of Evaluation at UCLA) should be consulted.
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III. TEACHER EFFECTS

INTRODUCTION

Studies of teacher characteristics have abounded since the 1930s, and now num-
ber in the thousands. Despite this, little is known about what constitutes desirable
teacher characteristics, and especially what their influence is on student perform-
ance. With the exception of a few recent studies, the use of student achievement as
a criterion to evaluate teacher performance has rarely occurred, and therein lies
a great weakness. Attempts to use criteria such as supervisor or fellow teacher
ratings are not successful in that the ratings do not correlate with student achieve-
ment (Harris, 1969). This could mean either that the ratings are based on indicators
of success other than achievement, or that supervisors and teachers do not have a
good idea of what constitutes superior teaching. Of course, this may also be another
example of the influence of a student-teacher interaction, so that overall effects are
difficult to isolate.

Past research has focused almost entirely on measuring various teacher atti-
tudes and personality traits, with some attempts to relate these to supervisors'
estimates of classroom success. More often, the studies simply intercorrelate various
tests of teacher attitudes, interests, intelligence, and so forth. In the end, the studies
are either contradictory or have little practical value, and often have both problems.
To quote Getzel and Jackson (1963, p. 574):

For example, it is said after the usual inventory tabulation that good teach-
ers are friendly, cheerful, sympathetic, and morally virtuous rather than
cruel, depressed, unsympathetic, and morally depraved. But when this has
been said, not very much that is especially useful has been revealed. For
what conceivable human interactionand teaching implies first and fore-
most a human interactionis not the better if the people involved are
friendly, cheerful, sympathetic, and virtuous rather than the opposite?

In any event, there is reason for skepticism concerning the payoff in studies of
teacher attitudes and personality characteristics. Variables related to attitude and
personality are difficult to define and more difficult to measure, especially in what
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is essentially a normal (healthy) population. Further, it seems reasonable to assume
that teacher classroom behavior and technique are more important than attitude
or personality. Of course, dimensions of attitude and personality are reflected in the
teacher's classroom behavior (Turner and Denny, 1969), and particularly in the
degree to which the behavior can or cannot be modified through training. Whatever
the influence of personality and attitude factors, however, it is the teacher's class-
room behavior that the student responds to, and it is necessary to understand how
this behavior is related to student achievement.

TEACHER CHARACTERISTICS AND STUDENT ACHIEVEMENT

In exception to the bulk of research on teacher characteristics, there are a few
recent studies, ten of them experimental and fifty correlational, that relate teacher
classroom behavior to student achievement. These are described later in this section.
There are two general methods used for studying the effects of teacher behavior on
student achievement. The best approach is experimental, in which teachers are
trained in a specific method and student achievement under this method is con-
trasted with student achievement under an alternative technique.

Studies of this type must meet all the demands of an experimental approach
(e.g., random assignment of students to teachers), plus some special demands arising
from the situation. Forerhost among these special. demands is the requirement for
measures of classroom transactions, since only by observing the teacher is it possible
to determine whether the intended method is actually used. In addition, data on
classroom transactions are the only source of information on the content (rather
than result) of the student-teacher relationship. Many studies are lacking in such
measures, and therefore studies of different teaching methods are rendered useless.
In an excellent review of research on teaching, Rosenshine and Furst (1971) could
find no more than ten studies that use the experimental method adequately and that
provide data on classroom transactions.

A more frequently used procedure' for relating teacher performance to student
achievement is to correlate the two as they occur in the normal classroom. That is,
no attempt is made to manipulate teaching methods experimentally. Various di-
mensions of teacher behavior are observed and rated, and the ratings are correlated
with some dimension of student achievement. This approach is dangerous in that
correlational relationships suggest causative connections. For example, a high cor-
relation between clarity of presentation and student achievemenet does not mean
that'clarity causes high achievement. It is just as likely that both result from some
other factor, say teacher verbal ability or general intelligence. Rosenshine and Furst
(1971) find approximately fifty studies that use this procedure.

Studies using the experimental and correlational approaches have produced
some consistent and significant results. Rosenshine and Furst summarize these and
group them according to eleven kinds of behavior that interrelate significantly with
achievement scores. The research strongly supports five of these: clarity of teacher
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presentation; variability of teacher classroom activities; teacher enthusiasm; degree
to which the teacher was task- or achievement-oriented and/or businesslike; and
student opportunity to learn criterion material. The other six variables that were
less related to student achievement are the following: use of student ideas and/or
teacher indirectness; use of criticism; use of structuring comments; use of multiple
levels of discourse; probing; and perceived difficulty of the course. In summarizing
non-significant results the authors note:

At first glance, the above list of the strongest findings may appear to repre-
sent mere educational platitudes. Their value can be appreciated, however,
only when they are compared to the behavioral characteristics, equally
virtuous and "obvious," which have not shown significant or consistent
relationships with achievement to date. These variables . . . are listed below,
and the method by which they were assessed follows in parenthesis: nonver-
bal approval (counting), praise (counting), warmth (rating), ratio of all. in-
direct behaviors to all direct teacher behaviors, or the I/D ratio (counting),
flexibility (counting), questions or interchanges classified into two types
(counting), teacher talk (counting), student talk (counting), student partici-
pation (rating), number of teacher-student interactions (counting), student
absence, teacher absence, teacher time spent on class participation (rating),
teacher experience, and teacher knowledge of subject area,

The authors go on to discuss refinements that are necessary in future correla-
tional studies. Of great importance is the need for more experimentally controlled
research, with better measures of classroom transaction and broad indicators of
outcome measures of student achievement. Classroom effectiveness studies of
teacher and instructional techniques depend on the refinement and increased use
of observational data systems. Many articles comment on this need, and there have
been a number of attempts to develop and refine observational data systems (i.e.,
Bloom, et al., 1971; Roseashine, 1970a; Hanley, 1970). Unfortunately, none have
been used widely enough or consistently enough to fully realfze their potential.

TEACHER SKILLS AND EFFECTIVENESS

The teacher's classroom skills are obviously an important factor in determining
educational outcomes. These skills are rarely determined directly, however, and
most investigations simply rely on supervisor's ratings. The only studies found that
measured teacher skills directly were by Turner (1968), who investigated differences
in teacher skills and characteristics as a function of school district characteristics.

° (Rosenshine and Furst, 1971.) Counting refers to the number of times a specified behavior occurred.
Rating refers to subjective estimates by a judge (teacher, student, observer) regarding teacher perform-
ance with respect to some behavior. The behavior is rated into a number of categories in terms of
desirability.
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In this and previous studies, he developed instruments for measuring the effective-
ness of teacher presentation of cognitive material in the classroom. These instru-
ments measure teacher skills in diagnosing learning difficulties and in organizing
or sequencing learning material in reading, arithmetic, and science. The study also
includes measures of teacher personal-social factors encompassing warmth-spon-
fitneity, classroom organization, educational viewpoint, emotional stability and in-
volvement. The validity of the various scales were determined by measures of inter-
nal consistency, i.e., the degree to which teachers scored consistently on each scale.
Validity was never determined on the basis of a relationship to student achievement.
Study results indicate that teachers differ significantly in these characteristics, and
that a relationship exists between attractiveness of school districts and teacher
characteristics (which does not seem terribly surprising). Before making much of
these results, the teacher characteristics must be related to student performance.
It is perhaps important to know that attractive school districts (in terms of location,
money and students) obtain teachers who apparently have themore desirable char-
acteristics. The important question is do these characteristics make a difference in
student achievement, and further for what kinds of students do they make a differ-
ence?

In a later study, Turner and Denny (1969) relate the above-mentioned teacher
characteristics to student creativity as measured by a scale Denny and others deve-
loped. In summarizing, the authors state (p. 209):

. .. teacher characteristics are distinctly associated with changes in pupil
characteristics, as well as with teachers' behaviors in the classroom, which
in turn are associated with changes in pupil characteristics. Specifically, the
results reported suggest that teachers characterized as warm and spontane-
ous and teachers characterized as child-centered tend to obtain the greater
positive changes in pupil-creativity. These changes appear to come about
through teacher classroom behaviors that involve positive reinforcement of
pupil responses, through adaptation of activities to pupils, through attention
to individuals, and through variation in activities and materials.

Unfortunately, the authors do not present their proceduresor data in sufficient
detail to allow evaluation of the study. But if the results can be replicated, the
findings and method used are certainly important. For one thing, a measure of
student outcome other than cognitive achievement was used, although the results
would be stronger if a measure of cognitive achievement had also been used.

If. teachers vary significantly in their skills and classroom behavior, one would
expect differences in teacher effectiveness as indicated by student achievement.
Rosenshine (1970b) provides a summary and critical review of nine studies of
teacher effectiveness. He describes four studies of long-term effectiveness, three of
which measured effectiveness over a school year and used grade school teachers.

All of the studies that investigated long-term effectiveness were based on teach-
ing the same material to different students. The three studies of interest used
standardized achievement tests which give a number of subtest scores in various
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abilities or achievements (Stanford Reading Test, Metropolitan Achievement Tests,
among others). The correlations between the mean of a group of students and
teachers were generally around 0.35 or much lower, with one study showing a
correlation of about 0.50 for two out of five subtests. The results indicate that
teachers are not generally stable in their teaching effectiveness of the same material
over time.

The other five studies that Rosenshine reviewed concerned short-term effective-
ness, with teaching sessions of thirty minutes or less, in which teachers taught (1)
the same topic to different groups of students (three studies), (2) different topics to
the same group of students (four studies), or (3) different topics to different groups
of students (four studies). In each case the same investigator (Fortune) carried out
three of the studies. Students were drawn from Head Start to the twelfth grade.
When teachers taught the same topic to different students (case 1), the correlations
between student groups and teachers were moderate (0.22 to 0.70; but in cases 2 and
3 the correlations were extremely erratic and few were significant.

Such data raise doubts about the meaningfulness of Turner's findings. Although
teachers may vary in skill, their effectiveness may not generalize over time or topics.
Studies of both teacher skills and effectiveness are extremely limited, however, and
any conclusion must be tentative. In addition, while it is necessary to relate teacher
skills and characteristics to student achievement, there are certainly grounds for
questioning the adequacy of student achievement measures used in these studies.
Teachers may be consistent in their effectiveness on other dimensions of educational
outcomes, but apparently there are no studies describing this possibility.

The apparent lack of stability in teacher effectiveness may explain in part why
these studies of teacher characteristics have proven so futiletheir characteristics
have no consistent effect, or the characteristicsare unstable. Finally, the low corre-
lations may result from a student-teacher-subject interaction. Teachers are not
equally effective with all students and all topics, and correlations vary with topic
and specific student characteristics.

TEACHER EXPECTATIONS

Previous research (Rosenthal and Jacobsen, 1968) described the importance of
teacher expectations as a determinant of student performance. But this report has
been criticized on methodological grounds (Snow, 1969) and few of the effects re-
ported appear to be substantial. Such studies are further criticized because they lack
data on causative factors, either in establishing teacher expectations, or in terms of
mechanisms by which the teacher communicates these expectancies. Two recent
studies (Rist, 1960; and Brophy and Good, 1971) investigate some of the mechanisms
involved in the establishment, communication, and effect of teacher expectations.

Rist attempted to uncover factors that establish the teacher's expectations
about the student, and the effect that such expectations have on the classroom
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behavior of both teacher and student. The study followed a single class of ghetto
children through kindergarten, first, and second grades. He indicates that in kinder-
garten, the teacher's expectations and identification of students as "fast" or "slow"
learners are essentially based on social class membership.

Brophy and Good investigated how teachers communicate their expectations to
first-grade children. Expectations were determined by the teacher's rating of stu-
dents, but no information was gained about how expectations are established. Ap-
parently, teachers demand better performance from children whom they rate high
in their expectations, and praise them when good performance is elicited. They
demand less from those whom they expect less from, and tend to withhold praise
when good performance occurs.

A few other studies have attempted to verify the effect of teacher expectation.
In general it appears that teachers' expectations probably influence teacher and
student behavior and may influence measured student achievement. More research
is needed to follow up the interesting hypothesis of the "self-fulfilling prophecy."

STUDENT-TEACHER INTERACTIONS

Thelen (1967) reports on direct evidence of the interaction between students
and teachers such that some teachers are better with some students than with
others, and outlines a method for using this phenomenon to improve classroom
behavior and outcome along a number of dimensions. Essentially the method in-
volves assigning students to teachers on the basis of the kind of student the teacher
works with best. The method begins with the teacher identifying students he be-
lieves are "getting a lot out of class" versus those "not getting a lot out of class."
The teacher does not describe these students in any way, but simply points them out.
Teachers do not tend to assign the same students to the two categories, and Thelen
notes (p. 189):

Finally, we found.that teachers recognize four kinds ofstudents: good, bad,
indifferent, and sick. But the problem is that each teacher places different
students in these categories, so that whatever is being judged is certainly
not primarily some characteristic of the student.

The method then establishes the characteristics of students placed in the two
categories. In assigning students to teachers two criteria can be used: (1) teachers
are given students they work most effectively with, or (2) students are assigned to
teachers they can learn from most effectively. This requires determining the kinds
of students that have high achievement (relative to their own performance) with a
teacher, and then assigning him students of this type. Thelen's study indicates that
the same student -tea' her grouping would not necessarily result from applying these
two criteria, although there would be considerable overlap. In any case, the students
are better off when assigned to teachers by either criterion, rather than by just
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being arbitrarily assigned to a teacher.
It follows that not only do some teachers do better with some students, but also

that there is no single "best" or "right" way to teach. Future research must account
for the different teacher preferences and abilities. It makes little sense to talk about
teacher skills without also considering the population of students best suited for
those skills. Studies of long-term trends in teacher effectiveness must designate
which kinds of students the teacher is effective with as well as how effective he is.

SUMMARY

Research on teacher characteristics has generally been extremely uninforma-
tive, largely because until recently there have been few attempts to use student
achievement as a criterion. Studies of teacher personality and attitudes have pro-
duced little, and in view of test instruments for these factors, their future prospects
are also poor. Teacher skills and classroom behaviors are measurable and thus show
promise, and there appear to be some teacher classroom behaviors that are consist-
ently associated with better student achievement. Studies of teacher effectiveness
over time and/or across subject areas indicate very little stability in teacher effec-
tiveness. This could result from a transitory nature in teacher skills and other
characteristics, or it could result from uncontrolled differences in comparative
groups of the student-teacher interaction. The teacher's expectation about the stu-
dent has been found to affect student achievement, although these findings are not
as firm as some authors would have us believe. Teachers are differentially effective
with students, and it appears possible to improve classroom performance by assign-
ing students to teachers on the basis of their ability to work together.

IMPLICATIONS

Research on teachers seems to imply rather strongly that it is fruitless to collect
data on personality and attitude factors. If data are desired, the focus should be on
teaching skills, classroom behavior and, most of all, on classroom transactions. A
continuous record of transaction data is necessary for. research but is too expensive
to obtain as part of an operating system. Research results seem to have more
implication for teacher training and for developing policies for assigning students
to teachers than for data systems. The crucial data in evaluating teacher effective-
ness are those on student achievement.
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E.

IV. INSTRUCTIONAL EFFECTS

INTRODUCTION

To simplify this brief overview of the complex and varied research on instruc-
tion, this section is separated into two main subsections. The first looks at instruc-
tional methods that are primarily related to classroom learning; the second reviews
the psychological research, mostly in the field of learning, that has direct relevance
for the design of instructional techniques. Classroom studies investigate school
learning. Psychological studies use learning tasks that are dissimilar from normal
classroom material; their basic intent is theoretical rather than applied. Psychologi-
cal studies may be referred to as laboratory studies, although the laboratory may
be a classroom.

The distinction between the two, which is somewhat arbitrary at best, is based
on the learning tasks that they use rather than where the study occurs. Studies in
both sections are the direct outgrowth of the experimental-learning tradition in
psychology, and little reference to individual learner characteristics is present.

CLASSROOM INSTRUCTION

Despite years of research on classroom instruction methods, there is little firm
evidence to support any particular practice. While this is partially due to inadequate
experimental procedures, it probably reflects even more the difficulty and com-
plexity of the problem. Research is an evolutionary process, and although past
studies have not produced a substantial body of findings, they have sharpened issues
and improved research techniques. By and large, little effort has been expended on
identifying student and teacher factors that affect outcome, and even less effort on
designing instruments and methods for measuring these factors.Rosenshine (1970a)
points out that very few studies contain data on classroom transactions, without
which nothing is known about what actually takes place in the classroom. Studies
of curriculum design generally suffer from the same problems.

This section begins by briefly summarizing curriculum and instruction re-
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search. Curriculum refers to the instructional material and designs for its use.
Instruction refers to the interaction between student and teacher as the materials
are used. Some general results found for teaching machines, television and pro-
grammed instruction then follow.

Curriculum and Classroom Instruction

An enormous amount has been written about curriculum design and use. West-
bury (1970) begins a review with the comment:

Curriculum evaluation appeared as a topic of a chapter in three of five
issues of the 1969 Review of Educational Research. The emphasis on this
topic is, if nothing else, disconcerting to a reviewer who must plow the same
field again; it is also puzzling when compared with the infrequent appear-
ances of evaluations of actual curricula or curricular materials in either the
research or the subject journals.

and later (p. 239):

Evaluations exist in the files and reports of those who developed curricula.
Yet, while these evaluations remain in files, the proposals and prescriptions
of developers circulate freely, without any readily available critical scrutiny.
There is a literature of curriculum evaluation, but it is neither publicly
available in journals nor has it grown out ofan accessible tradition of formal
or informal appraisal of curricula. There is no "consensus of public knowl-
edge" on the nature of curriculum evaluation which warrants methodologi-
cal formalizations about its character or provides the substance of such
formalizations.

The curriculum research reviewed here is limited to literature which appears
in the professional journals, and which attempts to evaluate curricula. This repre-
sents only a small part of the total writings on the subject. The narrative writing
describing curricula and discussing theoretical issues is mostly omitted, which sim-
plifies the summary herein presented because evaluation has not dominated the
curriculum scene by any means. The subset of evaluation studies is much smaller
than the set of curriculum development programs. In general, evaluations have not
led to many encouraging findings, although evaluationsbecause of the complexity
of the processgenerally lack sufficient scope, so that an absence of positive findings
is not surprising. Westbury (1969, p.245) summarizes the problem of matching
evaluation schemes to curriculum objectives:

Two separate, though interrelated analytical problems must be faced: cur-
riculum must be conceptualized in such a way that it no longer carries the
connotation that it is a unitary notion, often a treatment; evaluation must
be seen in ways that permit the development of sets of methods and criteria
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so reasoned judgments, appropriate to all senses of curriculum, become
possible. Curriculum evaluation theorists must attempt to formalize these
criteria and methods so they can prescribe rules for the application of cri-
teria to the full range of concrete curricular issues.

No current theoretical prescription for curricular evaluation approaches
these goals, although parts of the problem have been acknowledged by some
writers.

Curriculum development programs in science and mathematics have been deve-
loped and evaluated, at least in some aspects. Some of these are reviewed by Rom-
berg (1969), Smith (1969), Welch (1969), and Westbury (1970). Evaluation studies of
curricula developed by the Physical Science Study Committee (PSSC), Biological
Science Curriculum Study (BSCS), Chemical Education Materials Study (CHEM),
and School Mathematics Study Group (SMSG) are inconsistent in their findings.
Oftentimes, differences between these curricula and conventional ones are small,
and sometimes results favor the conventional method. Some interactions are noted
between student ability and measure of learning for different curricula; i.e., low
ability students may do better in the conventional curriculum in terms of one
measure of learning, while they do poorer in a new curriculum. All learning meas-
ures do not disclose this interaction, and on some of them the new curriculum is
better (Welch, 1969, p. 439).

Westbury (1970, p. 250) summarizes a study by Heron (1969) that showed how
a teacher's misunderstanding of a program might affect the program's success or
failure. Heron made no attempt to evaluate curricula in terms of output measures.
Rather, the study explored three evaluative questions related to CHEM, PSSC,
BSCS curricula:

(1) To what extent is the "enquiry" objective of these programs actually
embodied in the materials produced? (2) How do the teachers through whom
the materials filter perceive this objective and do they understand "enquiry"
well enough to operationalize any conception of what it might mean in their
classrooms? and (3) How does this objective compare to the explicit and
implicit goal teachers set in their classrooms?

Westbury summarizes the findings:

The results of his application were disappointing. Despite the claims of the
developers for their materials, they were found to present little more than
a "somewhat sophisticated" version of a "less competent" view of method.
The teachers who had been attending workshopson the new materials were
found to have almost no conception of what might be meant by a claim to
teach the "nature of scientific enquiry."

The innovative, science curricula such as those discussed above place heavy
emphasis on the role of inquiry or learning by discovery, an emphasis that Ausebel
(1965, p. 259) has severely criticized:
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Much of this "heuristics of discovery" orientation to the teaching of science
is implied by the view that the principal objectives ofscience instruction are
the acquisition of general inquiry skills, appropriate attitudes about science,
and training in the operations of discovery. Implicit or explicit in this ap-
proach is the belief that the particular choice of subject matter chosen to
implement these goals is a matter of indifference (as long as it is suitable for
the operations of inquiry), or that somehow in the course of performing a
series of unrelated experiments in depth, the learner acquires all of the
really important subject matter he iieeds to know.

Later in this section theories of instructional organization are discussed (includ-
ing Ausebel's). These approaches emphasize the importance of instructional struc-
ture in acquiring knowledge. It is not surprising then that Ausebel should conclude
that incidental learning as a by-product of discovery cannot compare with a graded
and systematically organized approach.

The idea of learning by discovery has become a popular one throughout educa-
tion, particularly among those who are calling for reforms in classroom teaching.
The complex issues involved in this concept are the topic of an excellent book edited
by Shulman and Keisler (1966). The book emphasizes that learning by discovery does
not mean laissez-faire education. The difference is in the way control is exerted, not
in the lack of it. In general, learning by discovery has not been proven to have a great
advantage over conventional methods. Cronbach (1966) points out that research is
needed which attempts to determine what advantages learning by discovery offers,
and under what conditions its benefits are accrued.

Although curriculum development is far from being on firm ground, and in spite
of a general lack of evaluation, some progress is being made. The current status of
curriculum development and evaluation in terms of its accomplishment and short-
comings are seen in the following quotations:

In brief summary, during the past decade significant progress has been
made in the precise definition of curricular objectives, in the analysis of
ends/means relationships, and in the effective ordering of stimuli for learn-
ing. Substantial progress has been made in extending both the understand-
ing of the evaluative process and the use of evaluative data in diagnosing the
possible causes of discrepancies between curricular expectancies and cur-
ricular accomplishments. In the realm of explaining curricular realities,
however, we appear to know little more in 1969 than we knew in 1960.
Curricular theory with exploratory and predictive power is virtually nonex-
istent. Goodland (1969, p. 374).

Research during the period of this review shows a desirable tendency to-
ward a broader spectrum of concern, but still lacking are systematic lon-
gitudinal studies showing the impact of varied methods and materials on
student attitudes, understanding, performance and motivation. Current re-
search seems to be mainly discipline-centered rather than pupil- or learning-
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centered, and the ends of education appear to be too often subordinated to
transitory fashions in educational haberdashery. Smith (1969, p. 409)

One conclusion seems obvious. Only at centers where there has been a
concentrated effort to investigate many facets of a course or teaching
method by a group of researchers does one find any discernible evidence of
advancement. Welch (1969, p. 441).

Theory must inform the deliberation that is evaluation but at the same time
it must grow from deliberation. The problem implicit in this assertion is
mapped by the requirement that curriculum and evaluation workers find a
theoretical structure that permits them to embrace the particular and con-
crete with seriousness before they attempt theoretical speculation of any
kind. We are far from this at the moment. Westbury (1970, p. 257)

Rosenshine (1970a) indicates that a central problem in evaluation is determin-
ing the actual teaching practice that takes place within any given curriculum.
Because teachers vary widely in their skills, attitudes, beliefs, and dispositions, they
do not all do the same thing given the same curriculum. Simply producing a cur-
riculum does nothing in terms of its implementation, and evaluations of different
curricula are generally useless without data on classroom transactions.

Rosenshine (1970a, p. 296) points out the almost complete lack of evaluative
studies that include data on classroom transactions. In summarizing the shortcom-
ings of evaluation of curricula, he states:

Currently, three major needs are: greater specification of the teaching
strategies to be used with instructional materials, improved observational
instruments that attend to the context of the interactions and describe
classroom interactions in more appropriate units than frequency counts,
and more research into the relationship between classroom events and stu-
dent outcome measures.

Some progress is being made in defining classroom transaction and relating it
to student outcome. Some studies that relate specifically to the teacher's mode of
presentation were discussed previously; however, as yet there is little demonstrable
evidence for accepting any particular curriculum as being better than another. This
is a gross generalization and perhaps does not do credit to some programs. Of course,
some curriculums are undoubtedly better than others and "everyone knows it."
Unfortunattly, demonstrating curriculum effectiveness is extremely difficult.

Instructional method studies have failed for essentially the same reason as
curriculum studies: a lack of classroom transaction data. Reported studies find no
consistent indication for the superiority of any instruction method. For example,
research on discussion versus lecture has a long history, but as Stephens (1967, p.
81) concludes: "It has been found in summary after summary that no distinction
between the two methods can be found."

Studies of instructional method rarely control for student or teacher character-

27



istics, and it is entirely possible that one method may be superior to another for some
students and with some teachers. It is unreasonable to assume, for example, that all
teachers are equally effective using the discussion method, or that because one is
effective using the discussion method, he will also be effective using the lecture
approach. Before instructional methods can be evaluated, certain student anti
teacher characteristics must be defined, and data must be provided on the transac-
tion between them.

Television and Programmed Instruction

Teaching machines, programmed instruction,10 and in general more technologi-
cally oriented aspects of instruction are described now. Many reviews of teaching
technology have been written, but only the major ones are mentioned. Saettler
(1968) provides a detailed and lengthy history, as well as a critical and summary
review of research. W. H. Allen (1971) gives a brief overview of history and research,
which includes comments on general research shortcomings. Chu. and Schramm
(1967) provide a lengthy evaluation and review summarizing research on televised
learning. A number of other reviews of specific areas are cited in the following pages.

The early and intense interest in television learning led to a frenzy of develop-
ment, with very little attempt at controlled research. The usual promotion claims
were made for the success of these programs. Subsequent research did not support
the claims, although as Chu and Schramm (1967, p. 176) point out

In a sense, instructional television is more complex than the research that
deals with it. Complex behavior has baffled learning theorists for years. A
number of variables are clearly at work determining what a given individual
learns from the television. In many cases these variables interact, and the
total must be a great deal more complex than can be represented by the one
variable experiments that typically make up the research literature, no
matter how clean and skillful they are.

Within these methodological limitations, and after hundreds of studies, it ap-
pears that televised learning is about as effective as conventional classroom learn-
ing, and a case cannot be made for the superiority of either. Effective television
teaching grows out of the application of sound teaching methods, such as simplicity,
material organization, practice, etc., and apparently not from any special feature of
the mode of presentation. Television, ofcourse, reaches a larger audience and aug-
ments conventional methods. Further research must determine under what condi-
tions television learning takes place and what the specific factors are in television
presentation responsible for learning. However, the same comment holds for con-
ventional teaching.

") Programmed instruction refers to the detailed sequencing of instructional tasks and is planned to
produce continuous activity on the learner's part, with immediate feedback concerning the correctness
of his response (see Corey, 1967).
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The most direct application of learning principles has been in programmed
instruction. This literature is reviewed in many places and is commented on in
almost every review of educational research. Emphasis on programmed instruction
surged a little over a decade ago, but interest has waned considerably over the past
five years (Corey, 1967). Based on the operant conditioning paradigm of Skinner(e.g.,
Skinner, 1968), and following from his success in conditioning animal behavior, the
same techniques were applied to human learning. Despite the early bloom and rapid
spread of programmed instruction based on the Skinnerian method, later evalua-
tions of the effectiveness of programmed instruction are not highly positive. The
behavioristic learning approach of Skinner and his followers was criticized early in
its development on the grounds that they had derived their teaching practices from
work with animals, making the programmed instructions void of highly meaningful
structure with too much concentration on rote-type material. Some criticisms by
Pressey (1963), and Thelen (1963a,b) relate specifically to programmed instruction.
Of course, the Skinnerian stimulus-response approach drew instant fire from their
old antagonists, the Gestalt psychologists, who insisted on a field" approach with
emphasis on meaningful units instead of fragmented, serially presented (and rote-
learned) programs.

Theoretical issues aside, programmed instruction has not proven the success it
was thought to be in its early days (Gotkin and McSweeney, 1967; Saettler, 1968;
Allen, 1971). It is about as effective as conventional programs when student achieve-
ment is used as the criterion, but its superiority has not been affirmed. Few, if any,
of the claims that have been made for the efficiency of teaching machines have been
proven, despite untested claims made by teaching machine manufacturers, and the
fervor of their sales promotion (Saettler, 1968, p. 269). An early claim for pro-
grammed instruction was that by properly sequencing material in small steps, the
dull student would be able to perform better and, some claimed, even as well as the
bright ones. In their review, however, Cronbach and Snow (1969) could find no clear
evidence to support these claims.

In summary, programmed instruction has not been proven superior to conven-
tional classroom methods, and this probably explains the recent decline in research
on the topic. But a number of positive outcomes have grown out of the interest in
programmed instruction and teaching machines. A recent book on programmed
instruction, edited by Lang (1967), has little to say about programmed instruction
as it applied to teaching machines; rather, the book deals with the design, structur-
ing and sequencing of learning material for any mode of presentation, including
problems of curriculum design.

Allen (1971) points out that programmed instruction research has produced an
interest in developing individualized instruction. Whereas early research and ap-
plication focused on group instruction and one-way communication, the current
interest is shifting to the unique characteristics of the individual studentas a central
issue in instruction design. The interest is turning, however slowly, to the study of
the interaction between student, task, and material. Development and research on

" Very loosely a "field" refers to an individual's total environmental and behavioral complex in time.
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individualized instruction is in process at several centers, and in general the results
appear promising. Application of such techniques depends on factors including
instructional content and possibly some learner characteristics. Because of the com-
plexity of this field of research, and because there are apparently no recent reviews,
this topic is not pursued further.

EXPERIMENTAL WORK IN INSTRUCTION

Organizing and making relevant to instruction the vast psychological research
is an enormous and perhaps even an impossible task. Gagn and Rohwer (1969, p.
381) have stated the problem well:

Remoteness of applicability to instruction, we note with some regret, cha-
racterizes many studies of human learning, retention, and transfer, appear-
ing in the most prestigious of psychological journals. The findings of many
studies of human learning presently cannot be applied directly to instruc-
tional design for two major reasons: (a) the conditions under which the
learning is investigated, such as withholding knowledge of learning goals
from the subject and the requiring of repetition of responses, are often
unrepresentative of conditions under which most human learning occurs;
and (b) the tasks set for the learner (e.g., the verbatim reproduction of verbal
responses, the guessing of stimulus attributes chosen by the experimenter,
among many others) appear to cover a range from the merely peculiar to the
downright esoteric. This is not to imply that such studies do not further an
understanding of the learning process. However, it would seem that exten-
sive theory development centering upon learning tasks and learning condi-
tions will be required before one will be able to apply such knowledge to the
design of instruction for representative human tasks.

Much of the difference between learning experiments in the laboratory and in
the classroom must lie in the influence (direct or indirect) of behaviorism, which is
based on stimulus-response relationships and control through the manipulation of
reinforcement. The inadequacy of this technique, even in simple animal learning,
has been questioned repeatedly, and its application to human learning (particularly
verbal) is considered by many to be grossly inadequate (e.g., Deese, 1969; Garrett and
Fodor. 1968). There have always been severe critics of the behavioristic tradition in
general. Recently, the psycholinguists, led by Chomsky (1959), have leveled some
devastating criticisms, and the debate continues. Although other theoretical formu-
lations exist, behaviorism dominates in learning and experimental psychology; the
methodologies used in learning studies are almost exclusively of the behavioristic
type. Some examples of widely used methods are summarized below.

The method of association learning typically presents pairs of stimuli (words,
symbols, pictures, etc.) to the subject during the learning phase, and tests for learn-
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ing by presenting him the first stimulus and testing for his recall of the second. A
recognition measure of retention (or learning) may be used in which the subject
selects the correct stimulus out of several presented to him. An even more primitive
form (serial learning) simply presents stimuli in lists, and learning is measured by
the degree of recall (or recognition) of list items. In analyzing human learning,
hundreds of laboratory studies involving serial and association learning occur each
year, but the value of studies of paired-associate learning for classroom-type learn-
ing has been repeatedly questioned, and it is generally concluded that their value
is minimal. However, Rohwer et al. (1971) caution against this conclusion because
substantial relationships have been reported between paired-associate and school
learning.

Another frequently used method is that of discrimination learning, in which the
subject learns to respond differently to different stimuli through the application of
a reinforcer. Usually there are two stimuli and two responses. For example, the
subject may be reinforced (with a reward or with feedback concerning the correct-
ness of his response) for responding to one stimulus, and not reinforced for respond-
ing to another. Learning is measured in terms of the time or number of responses
necessary for the subject to "learn" to respond only to the "correct" (the reinforced)
stimulus. This method may make use of an irrelevant stimulus (one present but one
not necessarily attended to by the subject), and the subject is then tested for how
well he "correctly" responds to this incidental stimulus (incidental learning).

At least two excellent reviews of instructional research are available in the last
few yearsby Anderson (1967) and by Gagng and Rohwer (1969). Both organize
research around a few central issues, and both evaluate as well as summarize
research as it relates to these issues.

Transfer of Learning

A central issue in learning theory, and a critical one in classroom learning,
involves transfer or generalization of learning. Preschool and compensatory educa-
tion programs have been disappointing because achievement gains have faded over
time. This has led to an interest in how achievement in basic skills such as reading
and math might generalize to future achievement and to concurrent achievement
in otherschool subjects. Apparently, no attempts have been made to measure this
generalization in the classroom directly; however, psychological research on gener-
alization (mostly referred to as transfer) is vast. Gagn (1962) distinguishes two
kinds of transfer. One transfers the learning ofa specific task to performance on the
same general class of tasks. He terms this lateral transfer, and it is the same as
generalization, which operates whenever two learning problems require common
rules for solution, or both depend on some common stimulus and/or response se-
quences.

Lateral transfer is becoming a less popular research topic (Gagne and Rohwer,
1969), and recent studies are apparently finding nothing new. Much research on
lateral transfer has centered on learning general rules, in which case verbalizing the
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rule is better than not, and using many examples of the rule in the learning phase
helps to promote transfer.

A second kind of transfer, termed vertical, operates when the learning of a
specific task facilitates the learning of another. For example, training in stimulus
coding transfers to paired-associate learning; i.e., subjects trained in coding learn
faster (stimulus coding entails a translation of meaningless symbols into meaningful
ones by associationa mnemonic device). In such transfer, stimulus coding is a
subordinate skill to paired-associate learning; however, it is not necessary to, or a
part of, the learning task. This is the kind of transfer that Gagne and others consider
in studies of hierarchical organization.

Vertical transfer studies carry a number of important implications for instruc-
tion design. Gagne (1962) first outlined the notion of hierarchical organization, as
described earlier. Theory predicts that in learning a subject, students cannot "pass"
a post-test unless they have also "passed" tests for skills lower in the hierarchy of
knowledge. A number of studies designed along these lines support Gagne's theory.
In a more recent review, Gagn4 and Rohwer (1969) state that "Studies of transfer
of prior learning are frequently consistent with this hypothesis, although few are
confirming in a crucial sense."

Asubel (1963) developed a theory of hierarchical organization of meaningful
verbal material. The hierarchy begins at the bottom with detailed and specific bits
of knowledge and builds to a level containing the most abstract and general con-
cepts. The learning of new material can be facilitated by using "advance organizers,"
which help the learner integrate new material into his existing cognitive structures.
Such organizers are highly generalized statements or questions that the subject
reads prior to studying new material in order to prepare him for new material in
terms of what he already knows, or to outline and brief the material. In addition to
experimental support cited in the original article, several other studies also find
supportive evidence for the theory (Allen, 1970; Grotelueschen and Sjorgren, 1968;
Merrill, Barton and Wood, 1970; and Merrill and Stolurow, 1966).

Vertical transfer has been studied under a number of other theories and experi-
mental disciplines including rule learning, concept learning and attainment (see
discussion ofPiaget's work in Section V), verbal learning and problem solving. Many
results clearly indicate the importance of the sequence of tasks on instruction effec-
tiveness. These results appear to have more direct bearing on classroom learning
than any others we have reviewed, although much more needs to be known.

A topic closely related to transfer involves a technique called "fading" or "van-
ishing," in which one stimulus is faded out and slowly replaced by another. Ander-
son (1967) reports that research in this area may have practical value for teaching
children who cannot understand or hear verbal instructions. The students are able
to learn to make the correct response to the new stimulus without trial and error
behavior. A recent study by Karraker and Doke (1970) found the fading technique
to be superior for errorless learning by kindergarten children in discriminating
between letters b and d; however, Samuels (1970) summarizes reading research
using the fading technique and finds contradictory results. In fading, a picture and
a word are shown together, and the picture is gradually faded cut. It appears that
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the attention shift from the picture to the word does not always take place. In view
of the contradictory evidence and the limitations of this technique, it appears to
have little classroom utility.

Reinforcement and Feedback

Reinforcement is a central concept in almost all learning formulations, and
many learning theorists and experimentalists insist that learning cannot occur
without reinforcement. Without a clearly defined external reinforcer, these theo-
rists assume that reinforcement is provided by the subject and is internal. For
example, a subject may be reinforced with some tangible reward for reading, or he
may read because he finds it personally rewarding. The latter is considered to be a
case of intrinsic reinforcement. Other learning is said to take place as a result of the
operation of social reinforcers or broadly generalized extrinsic ones. The importance
of reinforcers to learning has been realized in the laboratory through the strict use
of an operational definition (e.g., if a stimulus presented immediately after a re-
sponse leads to an increase in the response rate, it is a reinforcer). It is frequently
argued that using this operationally defined reinforcer concept in complex learning
is at best unproductive. The stimulus properties of the reinforcerare not known, nor
is the response that is to be reinforced well-defined. The reinforcement concept,
when carried to its limits, becomes virtually tautological, and therefore of little
practical value in educational research.

A general term some psychologists use to indicate an information processing
and volitional aspect of complex learning is "feedback," which may be used to denote
either the reinforcing event, the subject interest in and use of the event, or both.
Thus, obtaining a penny (or candy, etc.) reward for the correct response in a discrimi-
nation learning task may be thought of as providing feedback about the correctness
of response and defines how the subject can obtain further reward. Many theorists
feel that providing knowledge of results to the learner (feedback) reinforces the
desire (drive, for example) to learn and that the reinforcing event is primarily
intrinsic, although under partial control of the external event (feedback).

Although studies of reinforcement factors have dominated much of the psycho-
logical literature on learning, it appears that very few results have any real value
in determining classroom learning. Using a term like "feedback" has not clarified
the issue. Certainly, reinforcement and feedback are not consistent factors in condi-
tions of learning, and Gagne and Rohwer note that (p. 401):

A characteristic of recent research is that it reveals clearly the highly
variable nature of feedback effects. Moreover, the research indicates that
the sources of this variance are to be found in learner characteristics, type
of feedback, timing of feedback, direction of feedback, and type of task.

Attention Factors in Learning

For learning to occur, the learner must pay attention to the appropriate stimuli,
and attention factors have played a central role in learning experiments. There is
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a well established body of research to indicate that stimulus novelty promotes
learning and helps to maintain attention. In human learning, it is found that guess-
ing and delayed feedback lead to better learning than no guessing and immediate
feedback. In general, factors that increase the uncertainty of a stimulus complex
lead to heightened curiosity and/or increased attention. In reading material, reten-
tion is improved by inserting questions throughout the text. These results are gener-
ally indicative of increased attention and inspection time.

One of the more easily manipulated factors in instruction is the mode of pre-
senting the learning material. In summarizing the research on stimulus presenta-
tion, Gagne- and Rohwer (1969, p. 394) state:

Considerable evidence has now been amassed indicating that when there is
a choice of method for presenting equivalent information, the following
results prevail: pictorial materials are superior to verbal; concrete verbal
materials are preferable to abstract verbal; and grammatically structured
are better than unstructured materials. In contrast, the conditions that
might dictate choices among various available modes of presenting stimuli
are almost entirely undetermined thus far. Finally, stimulus context ap-
pears to be one of the most potent of the variables determining the effects
of materials presented, although tasks other than traditional laboratory
ones remain to be investigated.

Research that finds pictures superior to words is mostly based on the paired-
associate method, which typically requires the subject to learn lists of paired words,
paired pictures, or a word paired with a picture. Although results favor the picture
presentation, the relative effectiveness of either mode appears to depend on many
factors including student characteristics and age, and task characteristics. On the
basis of classroom studies, however, Samuels (1970) finds that pictures negatively
affect learning to read, especially for the poorer students. He interprets pictures as
distracting stimuli that produce attention shifts. This is consistent with other
findings about how distracting stimuli affect learning by poor students. Samuels'
studies involved young children learning to read, while most of the studies using the
paired associate method used older subjects. The age difference may account for the
disparate results obtained from the two methods.

Retention of Learned Material

Once material has been learned, how much of it will be retained? Studies of
retention and forgetting are as old as the study of learning, and one of the principal
measures of learning has always been the amount cf retention. Gagne- and Rohwer
(1969, p. 401) give an excellent review of the research, the principal findings, and
the basic issues involved. Unfortunately, like much of the research reviewed here,
the data on retention are mostly based on the paired-associate method, which makes
generalization 'to the classroom hazardous.

Earlier studies which seemed to demonstrate better retention for free recall
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compared to recognition learning have since been shown to be a fkinction of the
degree of original learning, rather than the method of learning. A number of studies
agree that when control is introduced for the degree of original learning, retention
is approximately the same for all learning methods (within the limitations of paired
associate learning). Even the material's degree of meaningfulness does not affect
retention when the degree of learning is controlled. Of course, "meaningfulness"
here is used strictly in the framework of paired-associate learning, where meaning-
fulness refers to the use of words instead of nonsense syllables, or the use of gram-
matically correct sentences compared to random word orders. This does not seem
to be closely related to what educators generally mean when they talk about mean-
ingful material.

Other factors affecting retention have been isolated. The effect of retroactive
inhibition is well known. This occurs when a learning task inserted between the
learning of an original task and the retention measure causes the student to forget
the original material. It has also been found that elaborating (talking, etc.) on the
stimuli in the learning phase promotes retention.

SUMMARY

Instructional method studies on classroom and curriculum design have pro-
duced no clear and consistent results. The problem, again, is basically one of evalua-
tion and a lack of adequate data. Television learning, teaching machines and pro-
grammed instruction appear to have no general superiority over conventional meth-
ods, although they can reach more students. Psychological studies of the factors
affecting instruction use tasks generally different from classroom learning tasks,
and as a result they tend to have limited value for determining instructional meth-
ods. A promising area of research concerns transfer of learning, especially organiz-
ing instructional material. Apparently, instructional material can be organized in
a hierarchy, although the rationale and basis for the organization is not clear. More
research is needed on almost every factor being studied. In addition, data are badly
needed to bridge the gap between laboratory and classroom. There is some discus-
sion and some evidence about the importance of interaction among the individual
student, the instructional method, and the type of learning task, but this area has
hardly been touched.

IMPLICATIONS

This section implies that a data system must be able to record information on
the individual student's progress. Normative evaluation is important to indicate the
. overall success of the student and the program, but the greatest importance of
achievement data seems to be their value for remedial evaluation. This is also true
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,,,---/if criterion referenced testsfare used. Sim ific instructional methods will produce
=1-

requirements for certain rinds of data storage and retrieval, but they cannot be
specified in the general &Ise. The methods discussed aliove require that the student
be identified and that data are accessible during, as well as after, a course of instruc-
tion.
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V. STUDENT CHARACTERISTICS

INTRODUCTION

This section describes how a general failure to match student characteristics to
specific educational programs is a major reason for the lack of positive findings in
educational research and the consequent lack of success in defining factors that
substantially affect educational outcomes. Little has been done in developing specific
educational programs to fit individual characteristics. A priori, however, it seems
reasonable to believe that students respond differently to different kinds of class-
room and instructional methods, and to different types of teachers. As reasonable
as this hypothesis may sound, there is little research to support it, although some
notable exceptions are pointed out below.

Undoubtedly many social reasons exist for bypassing individual student differ-
ences as a major part of research; we note reasons internal to psychology. Cronbach
(1957) points c ut that psychology was split into two disciplines. One group (mostly
psychometricians, and to some extent personality theorists) has been concerned
with individual differenCes (differential psychology) and has paid little attention to
developing a general behavior theory; another group (notably learning theorists and
experimental psychologists) has attempted to developbehavior theories while.ignor-
ing individual differences. This split has been particularly damaging to education
because learning theorists consequently have little to say that bears directly on
classroom learning. Gagne (1967, p. 13) noted

First the widespread inattention to individual differences seems to indicate
the psychologists have been uniquely optimistic in their expectations for the
generality of behavioral laws. In the pursuit of these laws, the assessment
of ranges of generalization and of limiting conditions has been by-passed. If
we recognize learning as a process of transition from an initial state to an
arbitrary terminal state, then with respect to the individual differences
problem, we should take a lesson from other natural sciences. We must
recognize limitations in the applicability ofa scientific law. It is through the
specification of limiting conditions that our hypothesized or theoretically
derived relationships obtain concreteness.
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The following subsections discuss evidence for the importance of individual
characteristics in determining educational outcomes. Some evidence reviewed is
directly associated with classroom learning; however, most of it is less direct, origi-
nating in studies of personality, developmental psychology, and differential psy-
chology. Studies in these categories seldom use conventional classroom learning as
an outcome measure (dependent variable).

ABILITIES AND GENERAL INTELLIGENCE

The study of individual human abilities has long been an area of psychological
research. The various theories and the literature generated by this effort are re-
viewed in many places (for example, Guilford, 1967; Cronbach and Snow, 1969; and
Snow, 1971). The most generally accepted theories identify some kind of general
ability (general intelligence) and a number of special abilities.

The relative influence of heredity and environment on the development of abili-
ties is a topic of continued interest and heated debate. Some theories assume that
abilities are genetically determined and unfold in the development process. Others
maintain in varying degrees that abilities are learned and that heredity only places
loosely defined boundaries on their development. Snow (1971) comments that "The
bulk of the evidence seems to be against the unfolding hypothesis, but the alterna-
tive learning hypothesis remains largely untested."

The most recent upsurge of interest in genetic determinants of intellectual
ability was prompted by the work of Jensen (1969), who describes the interaction of
two broad categories of ability (Level I and II) and type of learning (associative and
conceptual). Jensen's findings and his interpretation in terms of heredity are a
matter of much controversy, and more research is needed beforeany firm conclusion
can be made. In particular, the effect of "tuning"' 2 on students low on tests of Level
II ability must be investigated because there are subjects who have had little expo-
sure to, or use for, conceptual thinking.

A recent, well-designed study by Rohwer et al. (1971) investigates several hypo-
theses derived from the Jensen model. Some results support the model, others
conflict with it. The authors also present an alternative explanation that does not
depend on differences in innate ability between populations. Part of the problem in
verifying Jensen'emodel is that Level I and II tasks are not readily defined.

Although the relative contributions of heredity and environment are unknown,
evidence confirms differences in general cognitive performance between ethnic
groups. Stodolsky and Lesser (1967) review the evidence on this subject and describe
their own carefully controlled study in which they find highly significantdifferences

" Some students have little or no practice in the use of mediation or looking for general principles
in problem solving. Thus, they do poorly in abstract or conceptual problem solving when compared with
children who come from an environment that encourages the use of mediation. Tuning is a pre-training
to teach subjects the use of mediation. Differences between groups often disappear when tuning is
employed.
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in achievement patterns across four mental abilities (verbal, reasoning, numbers,
and space) for various ethnic groups (Chinese, Jews, Negroes, and Puerto Ricans).
Attainment level for each of the four abilities varied within an ethnic group, but
ethnic groups differed in terms of which ability they attained best. Differences were
also found for lower and middle class children within an ethnic group, and while the
patterns were different for different ethnic groups, they were nearly identical for the
two classes within an ethnic group. Thus, whatever factors operate to produce the
differences in ethnic patterns of mental performance, also operate in both lower and
middle classes. Stodolsky and Lesser point out that more research, is necessary to
determine the specific antecedents of the differential patterns of mental ability.

Some recent successful attempts to improve IQ scores of Negro ghetto children
argues against a genetic explanation of the generally lower scores. Through working
with parents, some recent attempts to modify IQ in preschool children show promise
as do some programs that focus on language learning (see Elkind and Sameroff, 1970,
for a review of these studies). Two recent promising programs which began with
preschool children were a University of Illinois project (Engelmann, 1970), and the
Ypsilanti-Carnegie Project (Lambie and Weikart, 1970). The Illinois prOgrams espe-
cially demonstrated substantial gains in IQ scores and school achievement. But past
studies have shown that over time IQ gains resulting from special programs decline,
so that one needs to know the longitudinal effects before making a final evaluation
of these programs.

The above studies are examples of success in identifying special abilities. The
important question is to determine how these abilities affect educational outcomes.
Studies investigating the effect of special abilities on learning have been summa-
rized and evaluated in a number of places (e.g., Ferguson, 1965; Fleishman and
Bartlett, 1969). Cronbach and Snow (1969), however, find serious methodological
flaws in much of this research and conclude that there is little clear evidence for
assuming an interaction between special abilities and learning. This is not meant
to imply that specific abilities do not affect education outcomes, but rather that their
utility for differentiating success among particular teaching methods has not been
adequately demonstrated.

Whether or not general intelligence (or general ability) is related to learning is
a controversial matter. Evidence from factor analytic studies indicating that intelli-
gence is not a unitary ability, and low correlations from studies of IQ and learning
and between several learning tasks, led Fleishmen and Bartlett (1969) to favoran
interpretation that does not define intelligence as the ability to learn. Cronbach and
Snow take issue with this point of view; after reviewing and reanalyzing existing
data, they conclude that general intelligence is consistently and substantially cor-
related with learning. Much of the confusion, according to these authors, has arisen
because many studies of the relationship between intelligence and learning use
laboratory tasks that do not allow general intelligence to have much effect. In
addition, most of the support for special abilities comes from the factor analytic
approach that dominated American research on abilities for several decades. This
technique tends to overdifferentiate because even slight correlations sometimes
produce new factors and, in the process, a general intelligence factor tends to be

39

48



submerged. British researchers have used a hierarchial model of abilities (e.g.,
Vernon, 1965). The views of Cronbach and Snow are more consistent with the British
approach.

Along with correlating general intelligence with degree of learning, Cronbach
and Snow (1969) report evidence of significant and substantial interactions between
intelligence and instructional method (aptitude-treatment interaction). In ether
words, instructional methods and learning tasks can be found that have different
effects based on a student's general ability. For example, given instructional meth-
ods A and B, an interaction effect means that if high ability students do relatively
well under treatment A, they do relatively poorly under B. Conversely, low ability
students do relatively well under B and poorly under A. Ifgroups of students given
treatments A and B are equally mixed in regard to ability, then no difference will
be found between the average performance under the two treatments. This is consid-
ered the reason for much of the failure to find positive effects due to instructional
innovation. The kinds of education treatments that will produce such interactions
with general ability are not well understood, but some possibilities can be brought
out in the following pages.

In view of an interaction between educational method and student intelligence,
then, to maximize achievement, students should receive different types of instruc-
tion (at least in some topics) on the basis of intelligence. But classroom grouping by
intelligence or any other ability has a long history of failure in promoting any
difference in achievement outcome. Thelen (1967) reviews the extensive research on
grouping and summarizes the findings of the international conference on grouping
at the UNESCO Institute of Education in Hamburg in 1964. Results clearly indicate
that heterogeneous groups do about as well as homogeneous groups. The reason for
this seems obvious. Grouping, on any basis, by itself, cannot be expected to produce
improvement. What is needed is differential instruction treatment of the separate
groups as Thelen points out (1967, p. 188).

In other words, special grouping makes sense only when the teacher has a
clear and accurate idea of what to do with the special group. From this
standpoint, the chief difficulty with homogeneous ability grouping is that the
guesses about how to deal with the group are often wrong. Thus, we find
teachers who think "bright" children "ought" to be more self-directing,
more interested in the subject, more creative, or more eager to have a
continuous, heavy load of work. By and large, however accurate these
guesses may be with regard to impressions of bright adults who are success-
ful in the adult world, the guesses are mostly not trueand certainly not
necessarily trueas applied to most bright children under usual school
conditions.

STUDENT CHARACTERISTICS AND PROGRAMMED INSTRUCTION

In the. last decade an interest has developed in programmed instruction and the
application of what is sometimes referred to as principles of learning theory. This
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interest derived almost entirely from the psychological field of learning; as men-
tioned earlier, the discipline was not oriented toward accounting for individual
differences. Therefore, most of this research, especially that on programmed instruc-
tion, has not focused on (or even considered) individual characteristics. Thus, most
instructional method research was reviewed above. Here we summarize the findings
of studies that have atttempted to investigate response to programmed instruction
as a function of student characteristics.

Cronbach and Snow (1969) point out a study by Burton and Goldberg (1962) that
is exceptional in its sophistication and leads to an interestitig hypothesis requiring
further investigation. Their essential finding was an interaction between treatment
(type of feedback) and student aptitude (verbal reasoning), but the interaction rev-
ersed, depending on the difficulty of the learning task. This is particularly important
because it indicates that higher-order interactions exist, as well as interactions
between ability and task difficulty.

Another excellent study (according to Cronbach and Snow) that indicates not
only simple interactions but higher ones as well, is that of Maier and Jacobs (1964),
in which some classes in Spanish had programmed instruction (PI) only, some had
PI plus live instruction, and others had live instruction only. In addition, students
were tested for general intelligence, Spanish language ability, and attitudes about
Spanish. Results indicate that a favorable attitude toward Spanish was associated
with PI plus live instruction for high intelligence students, and with PI only or
teacher only instruction in low IQ classes. Second, low ability students tended to
favor PI while high ability students tended to favor live instruction. Perhaps the
most significant finding was that some teachers got better results under one set of
techniques and student characteristics than under others. It appears that high IQ
students do better under PI plus teacher when the teacher favors the innovative
method. We return to this topic later.

Although far .from conclusive, evidence supports the notion that students with
low aptitude (low general intelligence) may respond differently to some programmed
features compared to students with high aptitude. Well-structured programs may
be more effective for duller individuals, and perhaps brighter students respond
better than dull ones on scrambled presentation. In general, however, support for
an interaction between programmed instruction and student aptitude is meager.

STUDENT CHARACTERISTICS AND MEANINGFULNESS

The issue of meaningful versus rote learning has a long tradition, and introduc-
tory psychology texts will usually say that meaningful material is more easily
learned. Rote learning is generally considered to require less ability, and one is led
to expect an interaction between meaningfulness and ability.

Cronbach and Snow (1969) surveyed the research on the effect of meaningful-
ness of instruction and its interaction with student aptitude, noting some evidence
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of an interaction. It is not clear, however, what factors actually allow one type of
student to gain more from meaningful instruction than others. Tuning is seldom
used so that students who have little or no experience with meaningful material are
not on a par with students who have. Cronbach and Snow (1969) comment on a
large-scale well-designed study by Brownell and Moser (1949) which investigated
meaningful versus mechanical instruction in subtraction. They state (p. 108):

In half the schools, subtraction was rationalized for the children; a major
effort was made to explain why certain steps were performed in (e.g.) borrow-
ing. But third graders in some of the schools seemed unable to profit from
these explanations. The authors tell us that where instruction had been rote
in the two preceding grades the whole concept of explanation in arithmetic
was strange to these pupils, and they could not incorporate the meanings
offered. The children, then, had developeda positive inaptitude for meaning-
ful instruction, whereas other children had been led to the point where they
could profit from explanation. Now this is important first in undermining
the concept that aptitude or readiness is simply a matter of intellectual
maturity. Secondly, it sharply challenges such a concept as Jensen's regard-
ing a native incapacity. Third, it destroys any lingering attempt to define
"one best way" of instruction. Fourth, it urges us in the direction of trying
to help the pupil who does not use meaningful instruction effectively by
combining techniques that will move his skills forward without relying on
comprehension, with techniques that will advance his ability to com-
prehend. We are in no position to write off these third graders as noncompre-
hendersbut we do not anticipate that simply tuning will bring them to the
level of mathematical reasoning.

A series of articles on the use of advance organizers in learning meaningful
verbal materials (previously reviewed) culminated in a recent study by Allen (1970)
describing evidence of aptitude-treatment interaction. Advance organizers are
highly generalized statements read prior to learning new material. These state-
ments facilitate learning by allowing the student to relate the new material to his
existing cognitive structure. Results indicate that the advance organizers facilitate
learning (measured by delayed retention) in higher ability students, but not in
lower ability ones. This may indicate that students of lower ability do not have the
cognitive structure necessary to make use of the advance organizers. This study
raises a number of interesting questions that need further exploration.

CONCEPT ATTAINMENT

One area of major interest to psychologists, particularly in the field of child
development is concept attainment and cognitive development, in which studies
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attempt to determine the sequence of concepts as the individual attains them or
relates them to each other. Several different theoretical explanations and experi-
mental approaches to the study of concepts have been taken, and Gagn4 (1968)
presents them in capsule form.

Learning theorists who belong to the associationistic school consider concept
attainment as mostly a matter of learning. Others believe concept attainment de-
pends on maturation and biological readiness. The most popular theory currently
is that of Piaget, who focuses on the organism's existing cognitive structure in terms
of its adaptation to its environment. Changes in adaptation ate related to modifica-
tions in the cognitive structure. Gagne (1968) proposed a model based on cumulative
learning effects (of which association is a small part) within limitations imposed by
maturation. These and other models differ markedly in terms of the importance
assigned to learning.

Concept development theories are directly relevant to education for they define
the factors upon which levels of learning depend. If concept attainment is largely
a matter of maturation and readiness, or level of cognitive structure, then the
student should not be exposed to a task for which he had not developed adequate
concepts. If concept attainment depends upon prior cumulative learning, however,
then instruction must utilize only the prior learning that has occurred and sequence
tasks in a hierarchy according to their contribution to other learning tasks. GagnS's
theory of hierarchial organization rivals Piaget's ideas, although confirmatory evi-
dence is still mostly lacking.

Regardless of which concept attainment theory proves most fruitful, differences
do exist at a given time between students, and over time for a given student. These
results have wide implications for instruction design and the time at which a student
is exposed to specific instruction.

PERSONALITY DIFFERENCES

No field within psychology is more concerned with individual differences than
the study of personality. No other discipline has a controversy as great, empirical
findings less definite, and proliferation of theory as abundant. Reviews of this com-
plex area are found each year in the Annual Review of Psychology, presenting
several perspectives including the behavioristic approach (Sarason and Smith,
1971), the psychometric (Wiggins, 1968), the clinical (Klein, Barr, and Wolitzky,
1967), and others. Yet there is little that one can apply directly to education at this
time, and methods for assessing personality traits are far from perfected, as noted
by Sarason and Smith (1971, p. 397); "The pitfalls involved in attempting to assess
significant personality attributes are many and varied, and the 'true score' of an
individual's standing on a given dimension is as elusive as the Holy Grail." In spite
of these pessimistic comments, some general results from personality studies have
indirect implications for education.

A growing conviction and supporting evidence indicates that definitive person-
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ality differences exist between the high and the low achiever. In reviewing the
subject, Klein, Barr, and Wolitzky (1967, p. 534) summarize:

High achievers show strong internalization of values, indicated by responsi-
bility and socialization. They also have high achievement motivation, in
regard to both independent and conforming spheres. They are, however, low
on social desirability (need to make a good impression for its own sake) and
lack flexibility, apparently preferring order and stability. The negative load-
ing for flexibility appears in an equation developed on the Italian sample as
well, as will be important when we come to consider what these studies
reveal about the nature of the criterion itself. As Gough and Fink (1964, p.
380) point out, the patterfi-eiTheichiever "is not a pattern of creativity or
innovation, but rather that of constructive adaptation to a world in which
one's circumstances are modest and one's destiny limited."

Cronbach and Snow (1969) also discuss a study that shows an interaction be-
tween degree of meaningfulness of instruction and "overachievers" versus "undera-
chievers." The "overachievers" showed better performance on the less meaningful
material while the reverse was true and vice versa for the "underachievers."

The concept of anxiety is one of the cornerstones of personality theory, and has
also become a major factor in learning studies. Adelson (1969, p. 231) began a review
of the topic with this statement: "Anxiety was the most popular single topic in
personality this year." And later (p. 233):

After all these years, and after literally hundreds of studies of anxiety,
there is still no general agreement as to what the commonly used scales are
in fact measuring, whether it is drive level, maladjustment, affect, degree of
defensiveness, or several of these in some interaction.

In the latest review, Sarason and Smith (1971) quote suggestions that much of the
confusion results from a failure to distinguish between anxiety as a stable personal-
ity trait, and anxiety as a temporary emotional state.

Despite the confusion and ambiguity about anxiety, a few promising sugges-
tions are possible. Many studies indicate an interaction between anxiety and intelli-
gence on cognitive performance, such that anxiety enhances the performance of low
ability students and gleteriorates the performance of high ability ones. Cronbach and
Snow (1969) describe an apparent interaction between personality and instruction.
It appeared that structured instruction (as opposed to unstructured) was better for
high-anxious, high-compulsive children. For the child who was neither anxious nor
compulsive, both instructional methods were about the same. Cronbach and Snow
point out that flaws in the design of the experiment make it dangerous to generalize,
and it is possible that in some schools and for some students the unstructured
method would achieve better results.

Student attitude and motivation are undoubtedly major determinants of
achievement. In applied research, much work along these lines has attempted to
change the student's attitude about education or to increase his motivation. Another

44

53



line of research, mostly done in the laboratory, has attempted to measure attitude
and motivation and to relate outcome to them. Some studies have investigated the
relation of motivation level to teaching technique and classroom structure.

A particular aspect of motivation that has received much attention is the
achievement motivation, referred to as need-achievement. It appears that achieve-
ment motivation is a particularly persistent personality characteristic (Ryder, 1967)
and one that is more related to cognitive maturation and innate ability than to early
experiences or child rearing practices (Heckhausen, 1967). Other findings (reviewed
in Dahlstrom, 1970; Flavel and Hill, 1969; and Hartup and Yonas, 1971) indicate
that achievement motivation in young children has different antecedents than it
does in adolescents. Adolescent and later achievement motivation is more related
to parental and social rewards and punishments, whereas at a younger age it seems
more related to an assertion of autonomy.

Cronbach and Snow (1969) review the literature on motivation as related to
student-treatment interaction. Theory predicts interaction between need-achieve-
ment and education treatment, but attempts to demonstrate it experimentally have
not been overly successful. Interactions are sometimes reported but they are small.
The tasks used in most studies make it difficult to extrapolate to classroom learning.
In addition, many of the studies are done with college students, and as pointed out
above, there are indications of differential antecedents, depending on age.

The increased national interest in academic achievement (particularly reading
and math in the early grades) has caused a certain amount of alarm concerning the
possible negligence of other factors in student growth. The focus on achievement and
the start of accountability system implementation to monitor and enhance certain
cognitive skills introduce the risk of stifling noncognitive growth. Emphasis on rote
learning (and it is generally agreed that most compensatory and achievement ori-
ented programs emphasize rote learning) occurs at the expense of creative develop-
ment. It is a popular lament among individuals identified as creative that formal
education in many respects is a liability to creativity. While these self reports may
not be particularly reliable, they should not be ignored. Research on creativity tends
to support such notions, although studies of creativity are not highly definitive. In
reviewing the research on creativity, Klein, Barr, and Wolitzky (1967, p. 536) note:

Psychologists use widely different criteria in studies purporting to deal with
creativity, ranging from the careers of eminent people (which are obviously
worthy of consideration), to the idea of creativity in interpersonal relations
(which makes one wonder whether this is really "creativity"), down to meas-
ures of sales productivity and customer service (which can cheerfully be
ignored). Furthermore, even when outstanding achievement is the criterion,
it usually does not include what most informed nonpsychologists consider to
be creativity, that is, humanistic and artistic creativity.

Reporting on a study of creativity in children, Hartup and Yonas (1971, p. 377)
report:

45

54



... [there is] no clear support for the use of either tests or gamelike contexts
in assessing creativity. Scores depend on the task, the measure of creativity,
the anxiety level of the subject, and sex.

In summarizing recent creativity studies, Dahlstrom (1970, p. 34) states:

At the present time, therefore, available evidence suggests that the
creativity process involves a variety of enhancing variables: interest, in-
volvement, sensitivity, and self-confidence; and a variety of inhibiting varia-
bles: fears, self-doubts, and disabling sets and misperceptions acting jointly
to determine the degree of expression of whatever the level of skill and
proficiecy of the individual for that situational demand will permit.

Dellas and Gaier (1970) provide an extensive review and penetrating analysis of the
problems, issues and results in studies aimed at identifying creativity. The research
on creativity is marked by a glaring deficit of replicative and follow-up studies, but
despite these deficiencies, the authors are able to conclude (p. 67):

Despite differences in age, cultural background, area of operation or emi-
nence, a particular constellation of psychological traits emerges consistently
in the creative individual, and forms a recognizable schema of the creative
personality. This schema indicates that creative persons are distinguished
more by interests, attitudes, and drives, than by intellectual abilities.
Whether these characteristics are consequences or determinants of
creativity or whether some are peripheral and of no value is moot. These
questions remain insufficiently approached and elucidated.

Evidently, no one k in a position to write a formula defining creativity. It is
equally apparent that in spite of many problems with the research, much is known
about the characteristics of creativity. The creative person appears among other
things to be independent in attitudes and social behavior and not very concerned
about his impression on others; an education program mainly interested in behav-
ioral conformity and standardized achievement has little of positive value to offer
him. Accountability systems which at present can only focus on achievement in rote
learning may further alienate the creative student, especially in the early school
years.

EARLY DEVELOPMENT AND LEARNING

Psychologists, and especially psychoanalysts, have long stressed the importance
of the very early years in the development of persistent behavior patterns. The time
to affect cognitive and noncognitive development factors is during the preschool
years. Kagen (1970, p. 9) writes:
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The idea of this suggestion rests on the assumption that a child's experience
with his adult caretaker during the first 24 months of life are major determi-
nants of the quality of life motivation, expectancy of success, and cognitive
abilities during the school years.

He then reviews data which support this suggestion.
Support for the importance of early development comes from a wide variety of

research examined every year in the Annual Review of Psychology under the head-
ing of Development Psychology. Other support comes from the recent and growing
interest in "critical periods" of development during infancy that determine life
patterns. Most of this research has been conducted with animals, although there is
supporting evidence from research and observations on humans.

The importance of early experience for education is the topic of a book edited
by Denenberg (1970). The material is somewhat slanted toward the growing interest
at a federal level in day-care centers, and toward the conviction that any really
meaningful change in the educability of the culturally deprived will come through
modifying and directing very early development ofmotivation, learning sets, atti-
tudes and values.

The Ypsilanti Carnegie Infant Education Projectattempts to modify the educa-
bility of culturally deprived children by working with the mother and child. At the
last report (Lambie and Weikart, 1970) the projecthad been operating only one year,
but interim results show the program to be effective. The authors state on p. 430:

Perhaps the most important observation is that the process of a teacher, a
mother, and an infant getting ready to learn together is even more critical
than what is actually done. To be sure, the teacher must have ideas and
"expertise" to assist the mother and infant in learning, but that is a long way
from simply providing a family with a series of exercises.

There is little doubt that major determinants of learning style and ability are
fixed in the individual's early life and that environment plays a dominant role.
Mason (1970) provides a thoughtful discussion of the effects of environmental depri-
vation on learning. Many people concerned with education express the belief that,
if successful, preschool education and training will aid in developing students with
better dispositions and abilities for learning. Many student characteristics such as
learning set and style, motivation, attitude, concept attainment, etc., which appear
as given at school age, may be open to modification in preschool years.

SUMMARY

This section reviewed research on some of the important student characteristics
that affect educational outcomes. A basic problem with education research is that
it has generally failed to consider the interaction of individual student characteris-
tics with instructional methods, teacher characteristics, and type of learning task.
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Within psychology, the study of ability structure is complex and lengthy, and
there is no general agreement about the level of specificity necessary to describe the
structure nor is there agreement about the degree of genetic influence on abilities.
Moreover, there is no conclusive evidence for an interaction between any special
ability and education factors, although there are some indications that these in-
teractions exist. There is, however, a clear indication that general intelligence is
substantially correlated with ability to learn, especially for abstract and complex
material; and in addition, there is strong evidence ofan interaction between intelli-
gence and education treatment (e.g., instruction, task). Such findings indicate that
to be effective, educatdrs must develop methods tailored for individual ability. Previ-
ous attempts to do this via ability-grouping failed because education programs were
not developed that specifically fit the needs of the separate groups.

Other scattered research findings indicate that many factors differentiate stu-
dents and their responses to specific education programs. For example, creativity is
not highly dependent on intelligence (using the terms to define broad categories
rather than unitary abilities), nor does high intelligence guarantee creativity; but
there are indications that the creative person requires a different educational ap-
proach than the less creative individual. More generally, differences in level of
concept attainment exist at school age and thus carry important implications for
instruction design.

A number of personality variables (need for achievement, autonomy, and anx-
iety, among others) appear to influence school achievement and to interact with
educational factors, but the evidence is not highly conclusive. The apparent impor-
tance of noncognitive factors on school achievement has led to a growing interest
in the effect that preschool years have on educational outcomes. Findings from a
number of experimental studies and preschool education programs support the
assumption that major determinants of achievementare established in these years.

IMPLICATIONS

Research is making it increasingly clear that students respond differently to
factors in education on the bases of their own individual characteristics. Research
must continue to define student and educational characteristics and to find the most
effective combinations, i.e., for a given set of student characteristics what are the
best educational characteristics (given some set of objectives). Data systems must be
designed to capture information on individual student characteristics so they can be
related to performance data. To determine relevant student characteristics, re-
search programs will require data on factors discussed in this section. Unfortu-
nately, tests for most of these characteristics have not been adequately developed,
although some promising ones are available.

The general areas in which data are needed both for research and for accounta-
bility include:
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1. General and Specific Abilities. General Ability (Intelligence) is related to
specific educational characteristics, and although the research has not as
yet indicated any strong evidence for the effect of specific abilities, thisarea
should be pursued. The lack of positive findings is likely due more to poor
tests and faulty research than to an actual absence of the effect of these
abilities.

2. Level of Concept Attainment. Concept Attainment is undoubtedly related
to educational characteristics, although the experimental evidence from
classroom studies is not highly positive. Laboratory studies indicate an
individual characteristic in concept attainment, and educational programs
should be aimed at such individuality. Tests of education readiness are
included in this category even though the factors affecting readiness may
be different from those affecting concept attainment. The complex issues
of prior learning, maturation and genetics operate in both readiness and
concept attainment.

3. Creativity. Creativity is certainly difficult to measure, but since itappears
that the creative individual may have quite different reactions to educa-
tional characteristics from those of the less creative person, it is crucial to
pursue the topic. Eventually an accountability system must be able to
evaluate educational outcomes for the creative individual and assess the
efficacy of a program in terms of his achievements.

4. Personality. Personality factors undoubtedly play a large role in deter-
mining the individual's unique reaction to characteristics of education
programs, but attempts to measure personality factors have had little
success; although some particular factors such as need-achievement and
anxiety level show promise. Moderately consistent findings of a relation-
ship between the high-achiever (as a personality characteristic) and in-
structional method have been reported. Dataon personality factors should
be part of a future data system, at least on a sample basis to allow further
determination of how these factors influence educational outcomes.
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VI. CONCLUSIONS AND DISCUSSION

In the beginning, the primary goal of this Report was to define, however loosely,
the kinds of data that future school information systems would require for accounta-
bility. A secondary goal was to determine the kind of research needed to uncover
factors relevant to refining accountability and to defining the data requirements for
this research. A major effort was directed toward reviewing and summarizing educa-
tion research findings. As this effort progressed, it became increasingly clear that
the primary goal is largely unattainable at this time. Research indicates that data
requirements for accountability are largely unknown because factors affecting edu-
cational outcomes are generally unknown. Program budgeting. cost-effectiveness
analysis, or any other form of accountability is no better than the output measures
that serve as criteria. If student achievement is the critical output measure, then
it appears that accountability is in serious trouble because at present there is little
the school can do to affect outcomes. Therefore, this Report has necessarily focused
on what originally had been a secondary objective: to indicate what research must
be done to better understand education and to make accountability possible.

Education research in the conventional classroom has failed to find clear and
conclusive evidence regarding factors that affect student achievement. It is true that
a number of socio-economic variables influence student achievement, but as yet
there has been little success in modifying low achievement through innovation
(Hellmuth, 1970). Not only has research on education generally failed, but little is
known about the relationship between school expenditures and student achieve-
ment (Averch, Carroll, and Donaldson, 1971). There are two basic schools of thought
giving reasons for lack of positive findings in education research. One view holds
that the wrong data or faulty data are collected, and that if "good" data on relevant
factors were analyzed, the effects of education would become apparent. This view
holds, either explicitly or implicitly, that the school does affect learning, but that
the effect cannot be measured. Another view holds that although there certainly are
data problems, the essential difficulty is that factors actually affecting student
achievement are excluded from (most) school programs, or they lie outside the
school's jurisdiction. In this view, schools do not affect learning so there is nothing
to measure.
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Both views are probably partly correct. As the review of achievement tests
indicates, data on student achievement needs improvement, but in addition
the factors affecting this outcome have not been sufficiently identified. Years of
education research seem to demonstrate that searching for broad generalizations
about educational achievement is fruitless. There are some positive findings related
to small aspects or subdivisions of the total education process, however, and with
continued research it may be that a taxonomy will develop within which limited
generalizations hold. This is demonstrated in interactions between students and
various educational factors, such interactions appearing to exist between student
type and instructional method; between student type and teacher type; and between
teacher type and instructional method.

The clearest evidence is for student-method, and student-teacher interactions.
The evidence for teacher-method interaction is weaker, perhaps because it is rarely
studied. The student-method interaction implies that students require individual-
ized programs with respect to instructional methods. The student-teacher interac-
tion implies that students and teachers must be matched in terms of their ability
to work together. Until schools develop programs allowing them to utilize these
interactions, there may be little they can do to affect student achievement. Educa-
tional research has ignored individual differences, treating students and teachers as
homogeneous bodies, and the results of past research may simply indicate that on
the average (summed over students or teachers) school-controlled factors do not
determine outcome.

Research on instructional method has yielded some promising results, espe-
cially the studies on organization and sequencing of instruction. In light of the
evidence on student-method interaction, it appears that this approach can be easily
adapted to individualized instruction. But most of the relevant instruction research
has been done in the psychological laboratory, and the meaning of results for class-
room learning is not clear. In any event, it seems that the implications of instruc-
tional method research are not as immediately important to education as are the
findings on interaction. The expected difference in student achievement between
relatively poor and excellent instructional techniques can probably not be nearly as
great as the differences produced in utilizing the interaction phenomenon, particu-
larly that between student and teacher. If a student in fact responds well to a
particular teacher, then that teacher is obviously using, among other things, an
instructional method that is compatible with that student.

Despite a tremendous number of educational studies, there is still no clear,
comprehensive understanding of education. There are a number of explanations in
addition to those mentioned above. Classroom studies often fall short because ofpoor
measures and limited criteria ofachievement, and because of statistical errors in the
treatment of data. Studies often lack experimental control, and non-random factors
confound or conceal elements in interpretation. Of course, it may be that the re-
search model used in education research, based on physics and agricultural ex-
perimentation, does not fit. Perhaps a biological or legal (argumentation) model
would be better.

At another level, research programs and achievement measures have not been
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related to clearly defined education objectives, and noncognitive achievement has
been almost totally ignored even though it is this kind of achievement that program
objectives often seem to fit best. Occasionally one finds an outstanding study in terms
of design, scope and analysis, and the results are often impressive, but there is rarely
any follow-on to these studies so they stand unconfirmed. Finally, almost all class-
room studies lack sufficient data on classroom transactions, so that it is impossible
to determine what actually transpired in the learning situation.

Laboratory studies are generally better designed, and statistical treatment of
data is more adequate. Many studies do contain glaring methodological errors, but
their real shortcoming for understanding classroom learning lies in the fact that
they employ learning tasks that are largely irrelevant to classroom learning. In
addition, learning takes place under artificial conditions, making it difficult to ex-
trapolate from the laboratory to the classroom.

In view of the current state of knowledge about the education process it seems
highly possible that great emphasis on accountability may have a number of un-
desirable effects. If schools (teachers, etc.) are held accountable for student achieve-
ment (on reading and math tests or in other subject areas), then in all probability
the school will find ways to produce high scores on these tests. At best, however, the
tests measure only a, small part of educational objectives and one cannot help but
wonder what will happen to other kinds of achievement.

Moreover, the belief that the introduction of accountability will significantly
alter student achievement must be based on the assumption that administrators and
teachers know what to do in order to improve educational outcomes, but they are
not sufficiently motivated to do so. There is little evidence to support this belief. It
seems that administrators and teachers (and everyone else for that matter) know
very little about factors affecting educational outcomes, and therefore they cannot
change outcomes whether they want to or not. Before accountability can affect
educational outcomes, teachers must have methods at their disposal that affect
outcome.

It seems apparent that accountability, and education itself, need broad innova-
tion. Additional research and real-world innovative approaches must determine the
kinds of innovation necessary. Future research needs to determine the interactive
factors among students, teachers, and instructional methods. By and large education
research needs more continuity so that studies build on previous work; there is too
much duplication of trivial research and too little replication of meaningful re-
search. One of the most difficult problems that research must solve is the identifica-
tion, measurement, and modification of noncognitive achievement. This needs to be
developed in close conjunction with a look at the objectives of education and methods
for evaluating these objectives.

Stating educational objectives is difficult, and it is even more difficult because
objectives depend on personal values; not only do values change from person to
person, but they are seldom overt. Stake (1970) addresses the problem of evaluating
subjective data, and pleads that this much neglected area be considered in educa-
tional research and evaluation. Progress in educational research is highly depend-
ent upon evaluating objectives and values. Moreover, it is important to consider
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differences in values about educational objectives in different segments of the popu-
lation because it is apparent that vast differences exist between various age groups
and subcultures concerning the relative importance of various educational goals.
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Appendix

INTERACTION EFFECTS

Some students do better with some instruction method, whereas other students
perform better with other methods. This phenomenon is called an interaction, in
his case, between student and instruction method. Suppose that two instructional

methods (A, and A2) are used in separate classrooms that have an equal number of
students in each of two categories (B, and B2-bright-dull, creative-noncreative,
autonomous-dependent, etc.). At the end of a school year, the average achievement
of each type of student under each instructional method is found. Figure 1 shows
how an interaction would appear in the results. Since two types of students and two

A

Al

alb1

1

B1

a2b2

B2

Fig. 1Two-factor interaction between instructional
methods (A, and A2) and student type (B, and B2)

on achievement
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instructional methods are used, the points (a, b1, a, b2, etc.) representing the mean
score for that condition are connected by straight lines within methods. Students of
type B, do better under method A2 than under A1, whereas the opposite is true for
type B2 students. Had the study been designed simply to determine the relative
effectiveness of the instruction methods without also identifying the student types,
no differences between methods would have been found, as shown in Fig. 1 by the
dotted line, which indicates the average achievement for all students (type B, and
B2) within a method.

This example demonstrates only a two-factor interactionstudent and method.
Suppose that some teachers are better with some students and that both or either
are better with some instructional method, leading to a three-factor interaction
among student, teacher, and method, as shown in Fig. 2. In the figure, C, teachers

Cl

B1 B2 B1

Fig. 2Three-factor interaction between instructional
method (A, and A2), student type (B, and B2) and

teacher type (C, and C2) on achievement

I

B2

do well with B, students under method A2, and with 132 students under method Al,
and do poorly in the other cases. C2 teachers are uniformly better with method A2;
in this case, B, students are uniformly better than 112, which appears to be due to
the teacher effect.

Interactions can be very complex, and can only be determined by appropriate
experimental design. Many contradictory and inconclusive results in the past may
have occurred because of unidentified interaction effects. For example, two teaching
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z.

6

methods may show significant differences because they happen (by chance) to have
a predominantly homogeneous group of students and one methodwas better for such
students. Another study of the same two methods may show no difference becauE
students are not homogeneous with respect to some important characteristic and
interaction effects conceal the true differences due to methods.
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